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DEPARTMENT  OF  HEALTH, 
EDUCATION,  AND  WELFARE 
Food  and  Drug  Administration 
[  21  CFR  Parts  505,  510,  558  ] 

[Docket  No.  77N-02311 
PENICILLIN  IN  ANIMAL  FEEDS 
Proposed  Rulemaking 

AGENCY:  Food  and  Drug  Administra¬ 
tion. 

ACTION :  Proposed  rule. 

SUMMARY:  This  proposal  would  amend 
regulations  to  delete  provisions  that  pro¬ 
vide  for  use  of  penicillin  in  animal  feeds. 

DATE:  Written  comments  by  Septem¬ 
ber  29,  1977. 

ADDRESS:  Written  comments  to  the 
Hearing  Clerk  (HFC-20) ,  Food  and  Drug 
Administration,  Rm.  4-65,  5600  Fishers 
Lane,  Rockville,  Md.  20857. 

FOR  FURTHER  INFORMATION  CON¬ 
TACT: 

Gerald  B.  Guest,  Bureau  of  Veterinary 
Medicine  (HFV-130),  Food  and 
Drug  Administration,  Department  of 
Health,  Education,  and  Welfare.  5600 
Fishers  Lane,  Rockville,  Md.  20857 
(301-443-3410) . 

SUPPLEMENTARY  INFORMATION : 
Elsewhere  in  this  issue  of  the  Federal 
Register,  under  Docket  No.  77N-0230, 
the  Director  of  the  Bureau  of  Veterinarj* 
Medicine  is  issuing  a  notice  of  oppor¬ 
tunity  for  hearing  on  a  proposal  to  with¬ 
draw  aiHJroval  of  the  new  animal  drug 
applications  (NADA’s)  for  all  penicillin- 
containing  premixes  on  the  grounds  that 
new  evidence  not  available  until  after 
such  applications  were  approved,  evalu¬ 
ated  together  with  the  evidence  available 
when  the  applications  were  approved, 
shows  that  such  drug  is  not  shown  to  be 
safe  for  subtherapeutic  use,  that  certain 
applicants  have  failed  to  establish  and 
maintain  required  records  and  reports, 
and  that  new  inf'orma'tion  demonstrates 
there  is  a  lack  of  substantial  evidence  of 
effectiveness  for  these  products. 

Consistent  with  this  action,  the  Direc¬ 
tor  is  hereby  proposing  to  amend  the  reg¬ 
ulations  to  delete  the  provisions  that 
provide  for  the  use  of  such  drugs. 

The  Director  has  carefully  considered 
the  environmental  effects  of  this  action, 
and  because  it  will  not  significantly 
affect  the  quality  of  the  human  environ¬ 
ment,  he  has  concluded  that  an  environ¬ 
mental  impact  statement  is  not  re¬ 
quired.  A  copy  of  the  environmental  im¬ 
pact  assessment  is  on  file  with  the  Hear¬ 
ing  Clerk,  Food  and  Drug  Administration. 
Moreover,  in  a  proposal  published  in  the 
Federal  Register  of  May  27,  1977  (42 
FR  27264) ,  the  Commissioner  of  Food 
and  Drugs  requested  data  concerning  the 
potential  environmental  impact  of  a  se¬ 
ries  of  regulatory  actions  designed  to 
restrict  the  subtherapeutic  use  of  anti¬ 
bacterials  in  animal  feeds.  If  the  public 
discussion  and  Information  gathered 
warrant,  a  comprehensive  environmental 
impact  statement  will  be  prepared,  eval¬ 
uating  the  impact  of  all  the  actions  as  a 
single  program. 
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Therefore,  imder  the  Federal  Food, 
Drug,  and  Cosmetic  Act  (secs.  507,  512, 
59  Stat.  463  as  amended,  82  Stat.  343-351 
(21  U.S.C.  357,  36(>b) )  and  under  au¬ 
thority  delegate  to  the  Commissioner 
(21  CFR  5.1)  and  redelegated  to  the  Di¬ 
rector  (21  CFR  5.84) ,  it  is  proposed  that 
Parts  505,  510,  and  558  of  Chapter  I  of 
Title  21  of  the  (Ikxie  of  Federal  Regula¬ 
tions  be  amended,  as  follows : 

PART  50&— INTERPRETIVE  STATEMENTS 
RE:  WARNINGS  ON  ANIMAL  DRUGS 
FOR  OVER-THE-COUNTER  SALE 

1.  By  amending  the  introductory  para¬ 
graph  of  §  505.10  to  read  as  follows: 

§  505.10  Animal  drug  warning  and  cau¬ 
tion  statements  required  by  regula¬ 
tions. 

Animal  feed  containing  streptomycin, 
dihydrostreptomycin,  chlortetracycUne, 
tetracycline,  or  bacitracin,  with  other 
drugs.  (See  §  510.515  of  this  chapter.) 

•  •  #  •  • 


PART  510 — NEW  ANIMAL  DRUGS 

§  510.5  [Amended] 

2.  By  amending  §  510.5  Certification 
of  new  animal  drugs  containing  any  kind 
of  penicillin,  streptomycin,  chlortetra- 
cycline,  chloramphenicol,  or  bacitracin, 
or  derivative  thereof,  as  follows: 

a.  By  deleting  from  paragraph  (b)  the 
word  “Penicillin,”  appearing  immediate¬ 
ly  following  the  italicized  heading,  and 
accordingly,  capitalizing  the  word 
“Streptomycin”. 

b.  By  deleting  from  paragraph  (c)  tlie 
word  “penicillin”  appearing  in  the  sen¬ 
tence  following  the  it^ilicized  heading. 

3.  By  amending  §  510.515:  (a)  By  de¬ 
leting  from  the  indtroductory  paragraph 
the  phrase  “penicillin,  streptomycin  in 
combination  with  penicillin,”;  (b)  by  de¬ 
leting  from  paragraph  (b)  (7)  (i)  the 
concluding  phrase  66,  or  not  less  than  90 
grams  nor  more  than  180  grams  of  peni¬ 
cillin  and  streptomycin  in  a  combination 
containing  16.7  percent  penicillin”;  (c) 
by  revoking  paragraph  (b)  (7)  (i)  (c) ; 
(d)  by  revising  paragraph  (b)(10);  (e) 
by  revoking  and  reserving  in  the  table  in 
paragraph  (c)  items  1,  4,  5,  6,  and  7; 
and  (f)  by  deleting  from  the  table  in 
paragraph  (c)  the  phrase  “or  procaine 
penicillin”  from  items  8,  9,  and  10.  Sec¬ 
tion  510.515  is  set  forth  with  the  revised 
introductory  paragraph,  revised  para¬ 
graphs  (b)  (7Mi)  and  (b)(10)  and  the 
amendments  to  the  table  in  paragraph 
(c)  to  read  as  follows: 

§  510.515  Animal  feeds  bearing  or  con¬ 
taining  new  animal  drugs  subject  to 
the  provisions  of  section  51 2  (n)  of 
the  act. 

Animal  feeds  that  bear  or  contain 
chlortetracycUne,  feed  grade  zinc  baci¬ 
tracin,  and  bactracin  methylene  disallcy- 
late,  with  or  without  added  suitable  nu¬ 
tritive  ingredients  are  exempt  from  the 
certification  requirements  of  section  512 
of  the  act  provided  they  are  the  subject 
of  and  in  compliance  with  regulations  for 
their  use  in  Part  558  of  this  chapter,  or 


any  one  of  the  paragraphs  of  this  sec- 
tlcm: 

•  *  •  •  * 

(b)  •  *  • 

(7)  (i)  It  is  intended  for  use  solely  as 
a  treatment  for  complicated,  chronic 
respiratory  disease  (air-sac  infection), 
infectious  sinusitis,  blue  comb  (non  spe¬ 
cific  infectious  enteritis,  mud  fever) ,  and 
hexamitiasis  in  poultry,  and/or  bacterial 
swine  enteritis;  its  labeling  contains  ade¬ 
quate  directions  and  warnings  for  such 
use;  and  it  contains,  per  ton  of  feed,  not 
less  than  100  grams  of  chlortetracycUne, 
or  oxytetracycUne,  or  a  combination  of 
such  drugs. 

***** 

ic)  [Revoked]. 

***** 

( 10 )  It  is  intended  for  use  solely  in  the 
treatment  of  chronic  respiratory  disease 
(air-sac  infection),  infectious  sinusitis, 
and  blue  comb  (nonspecific  infectious 
enteritis)  in  poultry  and/or  bacterial 
swine  enteritis;  its  labeling  beare  ade¬ 
quate  directions  and  warnings  for  such 
use;  and  it  contains,  per  ton  of  feed,  the 
equivalent  of  either  not  less  than  100 
grams  and  not  more  than  500  grams  of 
bacitracin  (as  zinc  bacitracin),  or  not 
less  than  100  grams  and  not  more  than 
200  grams  of  bacitracin  (as  bacitracin 
methylene  disalicylate) ;  except  that,  if  it 
is  intended  for  the  treatment  of  bacterial 
swin  enteritis,  it  contains,  p>er  ton  of  feed, 
100  grams  of  bacitracin  (as  zinc  bacitra¬ 
cin  or  bacitracin  methylene  disalicylate) . 
When  intended  for  the  use  specified  in 
this  paragraph  (b)  (10) ,  it  may  also  con¬ 
tain,  in  the  amount  specified,  one,  but 
only  one,  of  the  ingredients  prescribed 
by  paragraph  (a)  of  this  section:  Pro- 
vided,  however.  That  the  level  of  anti¬ 
biotic  or  antibiotic  combination  present 
is  not  gn^eater  than  the  minimum  amount 
specified  therefor  in  this  paragraph  (b) 
(10). 


*  * 

(C)  *  •  * 

* 

• 

• 

Product 

Species 

TTse 

Indica¬ 
tions  for 

levels 

use 

1.  [Re-sorvcd] 

•  * 

• 

• 

4-7  [Re.served] 

8.  Furazolidone  and 

bacitracin  methyl¬ 
ene  disalicylate  or— 
Zinc  bacitracin. 

9.  Fiirazoiidone  and 

bacitracin  methyl¬ 
ene  disalicylate  or— 
Zinc  bacitracin. 

10.  Furazoiidone  and 

bacitracin  methyl¬ 
ene  disalicylate  or — 
Zinc  bacitracin. 

•  • 

• 

• 

PART  558— NEW  ANIMAL  DRUGS  VOR 
USE  IN  ANIMAL  FEEDS 

§  558.15  [.4mended] 

4.  By  amending  558.15  Antibiotic, 
nitrofuran,  and  sulfonamide  drugs  in  the 
feed  of  animals,  as  follows:  a.  By  delet¬ 
ing  from  the  table  in  paragraph  (g)  (1) : 
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I.  The  entry  of  Merck  Sharp  ft  Dohme 
Research  Labe,  for  the  drug  premix 
procaine  penicillin. 

il.  The  entry  of  E.  R.  Squibb  ft  Botxs, 
Inc.,  for  the  drug  premix  procaine 
penicillin. 

iil.  The  entry  of  Pfizer,  Inc.,  for  the 
drug  premix  penicillin. 

iv.  The  entry  of  Pfizer,  Inc.,  for  the 
drug  premix  of  penicillin  and  strepto¬ 
mycin. 

V.  The  entry  of  Merck  Sharp  &  Dohme 
Research  Labs,  for  the  drug  premix  pro¬ 
caine  penicillin  and  streptomycin  sulfate. 

vl.  The  entry  of  American  Cyanamid 
Co.  and  Rachelle  Labs,  Inc.,  for  the  drug 
premix  chlortetracycline,  sulfametha¬ 
zine.  and  penicillin. 

vii.  The  entry  of  Eiiamond  Shamrock 
Corp.  for  the  drug  premix  chloretetra- 
cycline,  sulfathiazole  and  penicillin. 

b.  By  deleting  fr<xn  the  table  in  para¬ 
graph  (g)  (2) :  1.  The  eight  entries  of 
Merck  Sharp  &  Dohme  Research  Labs, 
and  Pfizer,  Inc.,  for  procaine  penicillin, 
streptomycin  combination. 

II.  Hie  entries  of  Merck  Sharp  & 
Dohme  Research  Labs,  for  procaine 
penicillin,  streptomycin,  arsanilic  acid 
combination;  nicarbazin,  procaine  pen¬ 
icillin;  nicarbazin,  procaine  penicillin, 
3-nitro-4-hydrox5rphenylarsonic  acid; 
amprolium,  procaine  penicillin;  ampro- 
lium,  procaine  penicillin,  3-nitro-4- 
hydroxyphenylarsonic  acid;  and  ampro¬ 
lium,  ethopabate,  procaine  penicillin, 
erythrcmiycin. 

iii.  The  entry  of  Merck  Sharp  &  Dohme 
Research  Labs,  for  amprolium,  ethopa¬ 
bate,  procaine,  penicillin,  3-nitro-4- 
hydroxyphenylarsonic  acid. 

iv.  The  two  entries  of  Pfizer,  Inc.,  for 
penicillin,  streptomycin  combinations. 

V.  The  entries  of  Dow  Chemical  Co.  for 
zoalene,  penicillin;  zoalene,  3-nltro-4- 
hydroxyphenylarsonic  acid,  penicillin; 
and  zoalene,  arsanilic  acid,  pencillin. 

vl  The  phrase  "or  procaine  penicillin” 
frmn  the  entry  of  Norwich  Pharmacal  Co. 


for  fiurazolidoDie  and  bacitracin  methy¬ 
lene  dleallcylate  <»:-zinc  iMcitracin  or 
procahie  penlclDln. 

§  558.55  [Amended] 

5.  By  amending  §  558.55  Amprolium  by 
deleting  from  the  table  In  paragraph  (e) 
(2)  the  two  entries  in  it^ns  (1),  (ii)  and 
(iv),  respectively,  for  the  combinations 
with  penicillin,  and  the  c<Mnbination  with 
penicillin  plus  streptomycin. 

§  558.58  [Amended] 

6.  By  amending  S  558.58  Amprolium 
and  ethopabate  by  deleting  from  the 
table  in  paragraph  (e)  (1)  the  entries  in 
item  (iv)  for  the  combination  with  peni¬ 
cillin,  and  the  combination  with  peni¬ 
cillin  plus  streptomycin. 

§  558.76  [Amended] 

7.  By  amending  §  558.76  Bacitracin 
methylene  disalicylate  by  deleting  from 
the  table  in  paragraph  (e)  (1)  the  entry 
in  items  (v)  and  (vi)  for  the  combination 
with  penicillin. 

§  558.78  [Amended] 

8.  By  amending  S  558.78  Bacitracin, 
zinc  by  deleting  from  the  table  in  para¬ 
graph  (e)  (1)  the  entry  in  items  (v)  and 
(vi)  for  the  combination  with  penicillin. 

§  558.105  [Amended] 

9.  By  amending  §  558.105  Buquinolate 
by  deleting  and  reserving  paragraph  (f) 
(1)  (iv)  and  (vi) . 

§  558.145  [Revoked] 

10.  By  revoking  §  558.145  Chlortetra¬ 
cycline,  procaine  penicillin  and  sulfa¬ 
methazine. 

§  558.155  [Revoked] 

11.  By  revoking  §  558.155  Chlortetra¬ 
cycline,  procaine  penicillin,  and  sulfa¬ 
thiazole. 

§  558.274  [Amended] 

12.  By  amending  §  558.274  Hygromycin 
B  by  deleting  from  the  table  in  para- 


graidi  (e)(1)  the  three  entries  in  item 
(1)  lex  the  combinations  in  which  peni¬ 
cillin  Is  an  ingredient. 

§  558.460  [Revoked] 

14.  By  revoking  §  558.460  Penicillin. 

§  558.530  [Amended] 

15.  By  amending  S558.530  Roxarsone 
by  deleting  and  reserving  paragraph  (e) 
(4)  (xvi). 

§  558.680  [Amended] 

16.  By  amending  §  558.680  Zoalene  by 
deleting  from  the  table  in  paragraph  (e) 
(1)  the  entries  in  items  (1)  and  (11)  for 
the  combinatiems  containing  arsanilic 
acid  plus  penicillin,  penicillin,  and  peni¬ 
cillin  plus  roxarsone. 

Interested  persons  may,  on  or  before 
September  29,  1977,  submit  to  the  Hear¬ 
ing  Clerk  (HPC-20) ,  Pood  and  Dnig  Ad¬ 
ministration,  Rm.  4-65,  5600  Fishers 
Lane,  Rockville,  MD  20857,  written  com¬ 
ments  regarding  this  proposal.  Four 
copies  of  all  comments  shall  be  sub¬ 
mitted,  except  that  individuals  may  sub¬ 
mit  single  copies  of  comments,  and  sdiall 
be  Identified  with  the  Hearing  Clerk 
docket  number  found  in  brackets  in  the 
heading  of  this  document.  Received  com¬ 
ments  may  be  seen  in  the  above  (^Bce 
between  the  hours  of  9  a.m.  and  4  p.m., 
Monday  through  Friday. 

Noth. — The  Pood  and  Drug  Administration 
h{»  determined  that  this  document  does  not 
contain  a  major  proposal  requiring  prepara¬ 
tion  of  an  inflation  impact  statement  under 
Executive  Order  11821  and  OMB  Circxilar  A- 
107.  A  copy  of  the  Inflation  impact  assess¬ 
ment  is  on  flle  with  the  Hearing  Clerk,  Food 
and  Drug  Administration. 

Dated:  August  24, 1977. 

C.  D.  Van  Hottweling, 
Director,  Bureau 
of  Veterinary  Medicine. 

I  PR  Doc.77-24970  Filed  8-29-77;  8: 45  am] 
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DEPARTMEtfT  OF  HEALTH, 
EDUCATION,  AND  WELFARE 
Food  and  Drug  Administration 

[Etocket  No.  T7N-02301 

DIAMOND  SHAMROCK  CHEMICAL  CO^ 
ET  AL 

Penicillin-Containing  Premixes; 

Opportunity  for  Hearing 

AGENCY:  Food  and  Drug  Administra¬ 
tion. 

ACTION:  Notice. 

SUMMARY:  This  is  a  notice  of  oppor¬ 
tunity  for  a  hearing  on  the  propossJ  by 
the  Director  of  the  Bureau  of  Veterinary 
Medicine  to  withdraw  approval  of  new 
animal  drug  applications  (NADA’s)  for 
all  penicillin-containing  premixes  in¬ 
tended  for  use  in  animal  feed  (»  the 
grounds  that  (1)  new  evidence  shows 
that  the  paiicillin-containing  products 
have  not  been  shown  to  safe  for  sub- 
therapeutic  use  as  required  by  section 
512(e)  (1)  (B)  ol  the  Federal  Food.  Drug, 
and  CosmHlc  Act  (21  UJS.C.  360b(e)  (1) 
(B) )  and  §  558.15  (21  CFR  558.15) ;  (2) 
the  applicants  have  failed  to  establish 
and  maintain  records  and  make  r^wrts 
as  required  by  secUcm  512(e)  (2)  (A)  ot 
the  act  (21  UR.C.  360b(e)  (2)  (A) )  and 
§  558.15;  and  (3)  new  evidence  shows 
that  there  Is  a  lack  of  substantial  evi¬ 
dence  that  penicillin-containing  pre¬ 
mixes  are  effective  for  therapeutic  uses 
under  section  512(e)(1)(C)  ot  the  act 
(21  UB.C.  360b(e)  (1)  (C) ) . 

DATES:  Written  appearances  requesting 
a  hearing  must  be  submitted  by  Septem¬ 
ber  29,  1977.  Data  and  ana^ls  upon 
which  a  request  for  a  hearing  relies  must 
be  submitt^  by  October  31,  1977. 

ADDRESS:  Written  appearances  and 
data  and  analysis  to  the  Hearing  Cleiic 
(HFC-20).  Food  and  Drug  Adminlstra- 
tiOTi,  Rm.  4-65,  5600  Fishers  Lane,  Rock¬ 
ville,  Md.  20857. 

FOR  FURTHER  INFORMATION  CON¬ 
TACT: 

Gerald  B.  Guest.  Bureau  of  Veterinary 
Medicine  (HFV-130),  Food  and  Drug 
Administration,  Deps^ment  of  Health. 
Education,  and  Welfare,  5600  Fishers 
Lane,  Rockville,  Md.  20857  (301-443- 
3410). 

SUPPLEMENTARY  INFORMATION 

Related  Actions 

In  a  notice  published  elsewhere  in  this 
Issue  of  the  Federal  Register,  the  Direc¬ 
tor  of  the  Bureau  of  Veterinary  Medicine 
is  proposing  to  delete  the  provisions  that 
provide  for  the  use  of  penicillin  in  ani¬ 
mal  feeds  by  amending  §  505.10  Animal 
drug  warning  and  caution  statements  re¬ 
quired  by  regulations  (21  CFR  505.10) ; 
§  510.5  Certification  of  new  animal 
drugs  containing  any  kind  of  penicillin, 
streptomycin,  chlortetracycline,  chlor¬ 
amphenicol,  or  bacitracin,  or  derivative 
thereof  (21  CFR  510.5) ;  §  510.515  Ani- 
mal  feeds  bearing  or  containing  new  ani¬ 
mal  drugs  subject  to  the  provisions  of 
section  512{n)  of  the  act  (21  CFR  510.- 
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515) ;  i  558.15  Antibiotic,  niirofuran. 
and  sulfonamide  drugs  in  Oie  feed  of 
animals  (21  CFR  558.15) ;  I  558.55  Am- 
prolium  (21  CFR  558.55) ;  |  558.58  Am- 
prolium  and  ethopabate  (21  CTR  558.- 
58) ;  §  558.76  Bacitracin  methylene  di¬ 
salicylate  (21  CFR  558.78) ;  $  558.78  Bac¬ 
itracin,  zinc  (21  C7FR  558.78) ;  §  558.105 
Buquinolate  (21  CFR  558.105) ;  S  558.145 
Chlortetracycline,  procaine  penicillin 
and  sulfamethazine  (21  CFR  558.145); 

§  558.155  Chlortetracycline,  procaine 
penicillin  and  sulfathiazole  (21  CFR  558.- 
155) ;  §  558.274  Hygromycin  B  (21  CFR 
558.274);  5  558.460  Penicillin  (21  CFR 
558.460)  5  558.530  JRoxarsone  (21  CFR 
558.530);  and  §  558.680  Zoalene  (21 
CFR  558.680) . 

Discussion 

Since  the  Director’s  discussion  of  the 
Issues  involved  In  this  matter  is  neces¬ 
sarily  detailed,  he  is  setting  forth,  for  ttie 
reader’s  convenience,  an  outline  of  Qie 
discussion  as  follows: 

X.  THE  Dsue 
ZX.  INTBOOITCTION 

A.  Regulatory  Background 

B.  Safety  Concerns 

XXL  STTinCAET  OT  THB  ABGVMBIT 

XT.  BUTDIia  RELKTANT  TO  HUIEAN  AMO  AMXKAI, 
HEALTH  SAFETT  CBITEEXA 

A  Transfer  of  Drug  Resistance  (Criterion  1). 

The  Pool  of  R-Pkumtd-Bearing  Organisms  ts 
Increasing 

1.  Background. 

2.  Criterion. 

S.  Studies  Relevant  to  Transfer  of  Drug 
Resistance: 

(a)  R-plasmld-bearlng  E.  coli  develop  In 
domestic  animals  that  are  fed  subtherapeutle 
levels  antibiotics.  Including  penlcUUn. 

(b)  E.  coli  contribute  tbeir  R-plasmlds  to 
man  through  several  mechanisms. 

(I)  Direct  contact  with  animals. 

(II)  Contact  with  E.  ooK-contamlnated 
food. 

(III)  Wlde^>read  presence  In  the  envhx>n- 
ment. 

(c)  R-plasmld-bearing  human  and  animal 
strains  of  bacteria  overlap. 

(I)  Epidemiological  Investigations — E.  coli 
serotyplng. 

(II)  Direct  Ingestion  evidence. 

(ill)  In  vivo  studies  show  that  R-plasmlds 
transfer  from  E.  coli  to  pathogens. 

(Iv)  R-plasmid  compatibility  studies. 

(v)  Hazards. 

4.  Director’s  (inclusions. 

B.  Shedding  and  Resistance  Characteristics 
of  Salmonella  (Criterion  2) 

1.  Background. 

2.  (Trlterlon: 

(a)  Shedding. 

(b)  Resistance  characteristics. 

3.  AHI  Studies  on  the  Effects  of  Subthera- 
peutlc  Levels  of  Penicillin  in  Animal  Feed  In 
Chickens: 

(a)  Experimental  design. 

(b)  AHI’s  summary  of  the  results: 

(1)  Shedding. 

(U)  Resistance  characteristics. 

(c)  The  Director’s  analysis: 

(I)  Shedding. 

(II)  Resistance  characteristics. 

4.  AHI  Studies  on  the  Effects  of  Subthera- 
peutlc  Levels  of  PenlcUUn  In  Animal  Feed 
In  Swine: 

(a)  Experimental  design: 

(1)  Shedding. 
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(U)  Restetanoe  obaracterlsiios. 

(h)  AHTs  sxunmary  of  the  results: 

(I)  Shedding. 

(II)  Reatetanoe  characteristics. 

(c)  Director’s  analysis: 

(1)  Shedding. 

(U)  Resistance  characteristics. 

5.  Questions  Raised  by  Othw  Studies  of 
Salmonella:  (a)  CDC  reports;  (b)  n>A  sur- 
▼•F,  (c)  Neu,  Cherubln,  Longo,  Flouton,  and 
Winter  studies;,  (d)  &nlth  atwi  Tucker 
studies;  (e)  Kablan,  Gustafson  study;  (f) 
Other  studies. 

6.  Director’s  conclusions. 

C.  Compromise  of  Therapy  (Criterion  2(c)) 

1.  Background  and  Criterion. 

2.  AHI’s  Compromise  of  Therapy  Study  in 
Chickens:  (a)  Experimental  design;  (h) 
AHI’s  summary  of  the  resiUts;  (c)  Director’s 
analysis. 

3.  AHI  Compromise  of  Thmtpy  Study  in 
Swine:  (a)  Experimental  design;  (h)  AHI’s 
summary  of  the  results;  (c)  Director’s  analy¬ 
sis. 

4.  Questions  Raised  by  FDA  Funded  Re- 
aearch:  (a)  Expeiimental  design;  <b)  Direc¬ 
tor's  analysis. 

5.  Director’s  (Toncluslons. 

6.  C^tUnal  Level  of  Effectiveness  (Criterion 
4). 

D.  Pathogenicity  (Criterion  3) 

1.  Background  and  Criterion. 

3.  Walton  study. 

8.  Faikow  study:  (a)  In  vitro  transfer;  (b) 
In  vivo  transfer. 

4.  Questions  Raised  by  Other  Studies. 

6.  DIzeetor’s  Conclusions. 

B.  Tissue  Residues  (Criterion  4) 

1.  Background. 

3.  (Criterion. 

3.  Data  Submitted. 

4.  Director’s  Analysis  and  Conclusions. 

V.  U'FECTIVENESS 
VI.  (X>NCLUSION 

I.  THE  DRUG 

Name.  Procaine  penicillin  G  (benzyl- 
penicillin)  or  feed  grade  penicillin,  alone 
or  in  combination  with  other  drugs. 
Dosage  form.  Feed  premix. 

Approvals.  The  following  companies 
hol(i  or  have  effective  approvals  that  are 
covered  by  this  notice: 

NAD  A  39-077;  OSP  250  (chlortetracycline, 
sulfathiazole,  and  procaine  penicillin); 
Diamond  Shamrock  Corp.,  1100  Superior 
Ave.,  Cleveland,  OH  44114. 

NADA  35-688,  Aureo  SP-250  Peed  Premix 
(Chlortetracycline,  sulfamethsizine,  and 
procaine  penicillin) ;  American  Cyanamid 
<30.,  P.O.  Box  4<X),  Princeton,  NJ  08540. 
NADA  46-667;  Micro-Pen  and  Streptomycin 
Sulfate  Premixes,  (procaine  penicillin  G 
and  streptomycin  sulfate).  Micro-Pen  6.25 
and  Streptomycin  Sulfate  18.75,  Micro-Pen 
and  Streptomycin  Sulfate  75,  Micro-Pen 
and  Streptomycin  Sulfate  45,  Micro-Pen 
and  Streptomycin  Sulfate  150;  Elanco 
Products  <3o..  Division  of  Ell  Lilly  Co.,  In¬ 
dianapolis,  IN  46206. 

DESI  0072NV;  Micro-Pen  and  MlcroPen  100 
(procaine  penicillin  G);  Elanco  Products 
Co. 

NADA  35-207;  Amprollum,  Ethopabate  and 
Penicillin;  Merck.  Sharp  &  Dohme  Re¬ 
search  Laboratories.  Division  of  Merck  & 
Co.,  Inc.,  Rahway,  NJ  07065. 

NADA  46-698;  Pro-Pen  60%  Penicillin  Mix¬ 
ture  Medicated,  Pro-Pen  “20”  Penicillin 
Mixture  Medicated,  Pro-Pen  90%  Penicillin 
Mixture  Medicated,  and  Pro-Pen  “100“ 
Penicillin  Mixture  Medicated;  Merck, 
Sharp  &  Dohme  Research  Laboratories. 


30,  197r 


NOTICES 


43773 


NADA  9-476;  Nlcarbazln,  Penicillin  wlth/or 
without  Boxarsone;  Merck,  Sharp  &  Dohme 
Beaearch  Laboratoriee. 

NADA  46-981  Pro-Strep  (procaine  penicillin, 
streptomycin  sulfate);  Merck,  Sharp  & 
Dohme  Besearch  Laboratories. 

NADA  46-726;  Streptomycin  and  Procaine 
Penicillin  Premix  15+5,  Streptomycin  and 
Procaine  Penicillin  Premix  18.75  +  6.25, 
Streptomycin  and  Procaine  Penicillin  Pre¬ 
mix  46  +  15,  Streptomycin  and  Procaine 
Penicillin  Premix  75  +  25;  Pfizer,  Inc.,  New 
York,  NY  10017. 

NADA  46-668;  Penicillin  Premix  P-4,  Penicil¬ 
lin  Premix  P-60,  and  Penicillin  Premix  P- 
100;  Pfizer,  Inc. 

NADA  49-287;  Chlorachel  250-Swlne  (chlor- 
tetracycllne,  sulfamethazine,  and  procaine 
penicillin  O) :  Bachelle  Laboratories,  Inc., 
700  Henry  Ford  Ave.,  P.O.  Box  2029,  Long 
Beach,  CA  90801. 

NADA  91-668;  Super  Chlorachel  260-Swine 
(chlortetracy  Cline,  sulfamethazine,  and 
procaine  penicillin  O) ;  Bcushelle  Labora¬ 
tories,  Inc. 

NADA  46-666;  Penicillin  O  Procaine  for  Ani¬ 
mal  Feeds  60  percent  and  Penicillin  O  Pro¬ 
caine  for  Animal  Feeds  100  percent;  E.  B. 
Squibb  &  Sons,  Inc.,  P.O.  Box  4000,  Prince¬ 
ton,  NJ  08540. 

Under  section  108(b)  (2)  of  the  Animal 
Drug  Amendments  of  1968  (Pub.  L.  90- 
399) ,  any  approval  of  a  new  animal  drug 
granted  prior  to  the  effective  date  of  the 
amendments  whether  through  approval 
of  a  new  drug  application,  master  file, 
antibiotic  regulation,  or  food  additive 
regulation,  continues  in  effect  until  with¬ 
drawn  in  accordance  with  the  provisions 
of  section  512  of  the  Federal  Food,  Drug, 
and  Cosmetic  Act  (21  U.S.C.  360b) .  Many 
such  approvals  were  issued  long  ago,  and 
some  may  never  have  been  used  by  the 
holder  of  the  approval.  Consequently,  the 
current  Hies  of  the  Food  and  Drug  Ad¬ 
ministration  (FDA)  may  be  incomplete 
and  may  fail  to  reflect  the  existence  of 
some  approvals.  Also,  many  approvals 
have  been  withdrawn  by  other  agency 
actions,  e.g.,  FDA’s  rulemaking  procedure 
published  in  the  Federal  Register  of 
February  25, 1976  (41  FR  8282) .  The  bur¬ 
den  of  coming  forward  with  documenta¬ 
tion  of  imrecorded  approvals  in  such 
circumstances  is  therefore  properly 
placed  on  the  person  claiming  to  hold 
such  approvals  so  as  to  permit  definitive 
revocation  or  amendment  of  the  regula¬ 
tions. 

The  Director  of  Bureau  of  Veterinary 
Medicine  knows  of  no  approvals  affected 
by  this  notice  other  than  those  named 
herein.  Any  person  who  intends  to  assert 
or  rely  on  such  an  wproval  that  is  not 
listed  in  this  notice  shall  submit  proof  of 
its  existence  within  the  period  allowed  by 
this  notice  for  opportunity  to  request  a 
hearing.  The  failure  of  any  person  hold¬ 
ing  such  an  approval  to  submit  proof  of 
its  existence  within  that  period  shall  con¬ 
stitute  a  waiver  of  any  right  to  assert  or 
rely  on  it.  In  the  event  that  proof  of 
the  existence  of  such  an  approval  is  pre¬ 
sented.  this  notice  shall  also  constitute 
a  notice  of  owxirtunity  for  hearing  with 
respect  to  that  approval,  based  on  the 
sfune  grounds  set  forth  in  this  notice. 

Conditions  of  use.  All  uses  of  penicillin 
in  penicillin  and  penicillin-containing 
combination  drug  products  as  cited  in: 


Sections  510.615,  568.16,  658.55,  668.68, 
558.76,  658.78,  658.106,  568.146,  558.155, 

658.274,  558.460,  658.530  and  668.680. 

n.  INTRODUCTION 

A.  Regulatory  Background 

Antibacterial  drugs  have  been  used  at 
subtherapeutic  levels  (lower  levels  than 
therapeutic  levels  needed  to  cure  dis¬ 
ease)  in  animal  feed  for  over  25  years. 
Growth  benefits  from  this  use  were  first 
observed  when  animals  were  fed  the 
discard  products  from  the  fermentation 
process  that  was  originally  used  in  the 
manufacture  of  chlortetracycline.  The 
precise  mechanism  of  action,  however, 
remains  unclear. 

Initially,  certifiable  antibiotics  for  use 
in  animal  feed  such  as  penicillin  were 
regulated  under  the  provisions  of  section 
507  of  the  Federal  Food,  Drug,  and  Cos¬ 
metic  Act  (21  U.S.C.  357).  Unlike  the 
basic  private  licensing  system  applicable 
to  new  drugs,  the  provisions  of  section 
507  created  a  public  regulation  or  mono¬ 
graph  system  for  regulating  these  prod¬ 
ucts,  in  part  because  of  the  complexities 
in  manufacturing  the  products  and  the 
lack  of  knowledge  of  their  chemical 
structures.  Antibiotic  residues  in  food 
from  food-producing  animals  were  then 
regulated  under  the  provisions  of  the  act 
dealing  with  adulteration  and  misbrand¬ 
ing.  After  enactment  of  the  Food  Addi¬ 
tives  Amendment  of  1958  (Pub.  L.  85- 
929) ,  however,  residues  were  principally 
regulated  by  section  409  of  the  act  (21 
U.S.C.  349),  which  also  established  a 
public  monograph  system  of  premarket 
approval.  Under  the  antibiotic  mono¬ 
graph  procedure,  the  pioneer  manufac¬ 
turer  generated  and  submitted  the  basic 
safety  and  effectiveness  data  in  an  FD 
Form  5  (now  FD-1675) .  A  regulati(m  was 
subsequently  published  setting  forth  the 
standards  of  Identity,  strength,  quality, 
and  purity  and  the  packaging  and  label¬ 
ing  requirements  that  the  product  must 
meet.  FDA  approval  of  the  same  product 
made  by  another  manufacturer  was  then 
conditioned  solely  upon  a  demonstration 
that  it  met  the  requirements  of  the  regu¬ 
lation,  and  this  is  normally  accomplished 
by  batch  certification.  Section  507(c)  of 
the  act  (21  U.S.C.  357(c) ) ,  however,  per¬ 
mits  the  agency  to  exempt  by  regulation 
any  drug  or  class  of  drugs  from  the  certi¬ 
fication  requirement  when  it  concludes 
that  certification  is  unnecessary  fOr  the 
manufacture  of  the  drugs.  Antibiotics  for 
use  in  animal  feeds  as  feed  Ingredients 
were  exempted  from  the  certification  re¬ 
quirements  in  1951  (see  the  Federal  Reg¬ 
ister  of  April  28,  1951  (16  FR  3647)), 
and  those  for  use  as  drugs  were  exempted 
in  1953  (see  the  Federal  Register  of 
April  22,  1953  (18  FR  2335)).  These  are 
now  set  out  in  §§  510.510  and  510.515  (21 
CFR  510.510  and  510.515) . 

Congress  enacted  the  Animal  Drug 
Amendments  of  1968  (Pub.  L.  90-399) 
and  consolidated  the  provisions  of  the  act 
dealing  with  the  premarket  approval  of 
drugs  intended  for  use  in  animals  (sec¬ 
tions  409,  505,  507)  into  one  new  section, 
sectiMi  512  (21  U.S.C.  360b),  to  regu¬ 
late  these  articles  more  efficiently  and 
effectively  (Senate  Committee  on  Labor 


and  Put^c  Wdfare,  Animal  Drug 
Amendments  of  1968,  S.  Rep.  No.  1308, 
90th  Cong.,  2d  Sess.  (1968) ) .  This  legis¬ 
lation  also  brought  the  manufacture  of 
antibiotics  under  the  private  license  sys¬ 
tem  for  new  drugs  (id.;  Hearing  on  S. 
1600  and  H.R.  3639  Before  the  Subcmn- 
mittee  on  Health  of  the  Senate  Committe 
on  Labor  and  Public  Welfare,  90th  Cong., 
2d  Sess.  (1968)).  To  efficiently  accom¬ 
plish  this  change,  the  amendments  con¬ 
tained  a  transition  clause  (section  108 
(b))  which  provided  that  all  prior  ap¬ 
provals  continue  in  effect  and  be  subject 
to  change  in  accordance  with  the  pro¬ 
visions  of  the  basic  act  as  amended.  In 
summary,  aU  persons  legally  marketing 
antibiotics  under  the  provisions  of  sec¬ 
tions  409,  505,  and  507  of  that  act  on 
August  1,  1969,  the  effective  date  of  the 
Animal  Drug  Amendments  of  1968,  were 
considered  as  holding  the  equivalmit  of 
an  approved  new  animal  drug  applica¬ 
tion;  however,  all  holders  of  such  ap¬ 
provals  are  also  subject  to  all  applicable 
requirements  of  the  act  and  regulations. 

B.  Safety  Concerns  ' 

In  the  mld-1960’s,  PDA  became  con¬ 
cerned  about  the  safety  to  man  and 
animals  of  subtherapeutic  antibiotic  use; 
it  studied  the  effects  of  low-level  sub¬ 
therapeutic  feeding  of  antibiotics  for 
some  years.  The  agency  supported  re¬ 
search,  held  symposia,  and  consulted 
with  outside  experts  to  review  these  non¬ 
medical  uses  of  antibiotics  in  animal 
feeds.  Following  a  report  Issued  by  the 
British  Government  Joint  Committee 
(the  Swann  Committee)  “On  the  Use  of 
Antibiotics  in  Animal  Husbandry  and 
Veterinary  Medicine,”  the  C(Hnmissl<mer 
of  Food  and  Drugs  In  April  1970  estab¬ 
lished  a  Task  Force  of  scientists,  with 
consultants  from  government,  univer¬ 
sities,  and  industry,  to  review  compre¬ 
hensively  the  use  of  antibiotic  drugs  in 
animal  feeds.  Its  conclusions  were  pub¬ 
lished  in  a  notice  of  proposed  rule  mak¬ 
ing  published  in  the  Federal  Register 
of  February  1,  1972  (37  PR  2444),  which 
initiated  the  mandatoi7  testing  proce¬ 
dure  to  resolve  conclusively  the  issues  of 
safety  surrounding  the  subtherapeutic 
use  of  antibiotics  in  animal  feeds. 

The  principal  conclusions  of  the  Task 
Force  were  the  following:  (1)  The  use  of 
antibiotics  and  sulfonamide  drugs,  es¬ 
pecially  in  growth  promotant  and  sub¬ 
therapeutic  amoimts,  favors  the  selec¬ 
tion  and  development  of  single  and 
multiple  antibiotic-resistant  and  R- 
plasmid-bearing  bacteria; 

(2)  Animals  that  have  received  either 
subtherapeutic  and/or  therapeutic 
amounts  of  antibiotic  and  sulfonamide 
drugs  in  feeds  may  serve  as  a  reservoir 
of  antibiotic  resistant  pathogens  and 
nonpiathogens.  These  reservoirs  of  path¬ 
ogens  can  produce  hmnan  infections. 

(3)  The  prevelance  of  multlresistant 
R-plasmid-bearing  pathogenic  and  non- 
pathogenic  bacteria  in  animals  has  in¬ 
creased  and  has  been  related  to  the  use 
of  antibiotics  and  sulfonamide  drugs. 

(4)  Organisms  resistant  to  antibac¬ 
terial  agents  have  been  foimd  on  meat 
and  meat  products. 
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(5)  'niwe  has  been  an  increase  in  the 
prevalence  of  antibiotic-  and  sulfona¬ 
mide-resistant  bacteria  in  man. 

In  its  report  to  the  CTommissioner,  the 
Task  Force  also  identified  three  areas  of 
primary  concern;  Hximan  health  haz¬ 
ards.  ft.nlmaJ  health  hazards,  and  anti¬ 
biotic  effectiveness;  and  guidelines  were 
estal^hed  to  show  whether  use  of  any 
antibiotic  or  antibacterial  agent  in  ani¬ 
mal  feed  presents  a  hazard  to  human 
and  animal  health. 

The  February  1972  proposal  also  an¬ 
nounced  that  all  currently  approved 
subtherapeutic  uses  of  antibiotics,  nitro- 
furans,  and  sulfonamides  in  animal 
feeds  would  be  revoked  imless  data  were 
submitted  to  res'^ve  conclusively  the  is¬ 
sues  concerning  safety  to  man  and  ani¬ 
mals  in  accordrnce  with  the  Task  Force 
guidelines.  That  notice  also  proposed  to 
establish  a  time  table  for  filing  commit¬ 
ments,  conducting  studies,  and  submit¬ 
ting  relevant  data  and  information. 
Based  on  the  guidelines,  the  agency  then 
began  developing  specific  criteria  by 
which  safety  and  effectiveness  of  each 
antibiotic  product  might  be  established. 
The  notice  further  suggested  that  pro¬ 
tocols  be  submitted  to.  the  agmcy  for 
commit.  The  criteria  and  studies  to 
address  them  may  be  summarized  as 
follows: 

Human  and  Animal  Health  Satett  Criteria 

1.  Transfer  of  drug  resistance:  (a)  An 
antibacterial  drug  fed  at  subtherapeutic 
levels  to  animals  must  be  shown  not  to  pro¬ 
mote  Increased  resistance  to  antibacterials 
used  In  hiunan  medicine.  ^)eclfically.  In¬ 
creased  multiple  resistance  capable  of  being 
transferred  to  other  bacteria  In  cmlmals  or 
man  should  not  occur,  (b)  If  Increased 
transferable  mult^ile  resistance  Is  found  In 
conforms,  studies  may  be  done  to  ^ow 
whether  this  resistance  is  transferable  to 
man. 

2.  The  Salmonella  reservoir:  The  use  of 
antibacterial  drugs  at  subtherapeutic  levels 
in  animal  feed  must  be  shown  not  to  result 
In  (a)  an  increase  In  quantity,  prevalence 
or  duration  of  shedding  of  Salmonella  in 
medicated  animals  as  ctmipared  to  nonmedl- 
cated  ciHitrc^s;  (b)  an  Increase  In  the  niun- 
ber  of  antibiotic  resistant  Salmonella  or  in 
the  spectrum  of  antibiotic  resistance;  (e) 
disease  (caused  by  Salmonella  or  other  or¬ 
ganisms)  that  is  more  difficult  to  treat  with 
either  the  same  medication  or  other  drugs. 

3.  The  use  of  subtherapeutic  levels  of  an 
antibacterial  drug  should  not  enhance  the 
pathogenicity  of  bacteria,  e.g.,  by  increasing 
enterotoxln  production.  The  association  of 
toxin  production  characteristics  with  trans¬ 
fer  factors  must  be  Investigated  in  well- 
designed  studies.  (Pinal  resolution  of  this 
question  was  not  expected  within  the  2-year 
period.  Drug  sponsors  were  expected  to  show 
evidence  of  work  imderway  which  would 
lead  toward  answers  to  this  question.) 

4.  An  antibacterial  drug  used  at  subthera¬ 
peutic  levels  In  the  feed  of  animals  ^all 
not  result  In  residues  in  food  ingested  by 
man  a’hlch  may  cause  either  Increased  num¬ 
bers  of  pathogenic  bacteria  or  an  Increase 
in  the  resistance  of  pathogens  to  antibac¬ 
terial  agents  used  In  human  medicine.  Hy¬ 
persensitivity  to  residues  was  to  be  addressed 
by  a  literature  survey. 

The  Commissioner  promulgated  a  final 
order  that  was  published  in  the  Federal 
Register  of  April  20,  1973  (38  FR  9811), 
and  at  that  time  the  requirements  im- 
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posed  by  llie  regulaUcm  became  legally 
binding  on  all  firms  marketing  antibac¬ 
terial  drugs  used  at  subtherapeutic  levels 
In  feed.  In  the  Federal  Register  of  Au¬ 
gust  6.  1974  (39  FR  2839) ,  the  Ccxnmis- 
sioner  proposed  withdrawal  of  all 
provals  held  by  perstms  who  had  not 
compiled  with  the  initial  requirements, 
and  all  these  aiH>rovals  were  withdrawn 
by  his  order,  published  In  the  Federal 
Register  of  Fet^ary  25,  1976  (41  FR 
8282).  TTierefore,  only  those  products 
listed  in  Part  558  (21  C7FR  Part  558)  can 
be  legally  marketed  at  this  time. 

By  April  20, 1974,  the  Bureau  of  Veter¬ 
inary  Medicine  (Bureau)  had  begun  a 
review  of  the  data  required  by  §  558.15 
which  was  applicable  to  the  principal 
antibiotics  used  subtherapeutically  in 
animal  feeds  (penicillin  and  tetra¬ 
cycline),  and  by  April  20,  1975,  data 
concerning  the  safety  and  efficacy  cri¬ 
teria  for  all  antibiotic  and  sulfonamide 
drugs  had  been  received.  To  assist  the 
Bureau,  the  Commission^'  asked  the 
agency’s  National  Advisory  Pood  and 
Drug  Committee  (NAFDC)  to  review  the 
data  and  Issues  Involved  and  to  make  rec- 
omm^datlons  to  him  on  the  future  uses 
of  subtherapeutic  antibiotics  In  animal 
feeds.  A  subcommittee  of  three  members, 
the  Antibiotics  in  Animal  Feeds  Sub¬ 
committee  (AAFS),  was  appointed  to 
work  in  conjunction  with  four  expert 
consultants  from  disciplines  related  to 
the  Issue.  The  Bureau  prepared  2  days’ 
presentations  concerning  pailcillln  dur¬ 
ing  vidilch  comments  were  heard  from 
the  drug  industry,  animal  scientists,  and 
other  Interested  parties.  The  Bureau  also 
prepared  a  comiM-ehensive  summary  re- 
POTt  with  tentative  recommendations  for 
the  subcommittee.  (An  identical  proce¬ 
dure  was  carried  out  for  the  tetracy¬ 
clines.)  Two  additional  meetings  were 
held  during  which  subcommittee  delib¬ 
erations  were  conducted  and  other  state¬ 
ments  given. 

In  September  1976,  the  AAFS  pre¬ 
sented  its  preliminary  recommendations 
to  the  parent  NAFDC,  and  In  January 
1977,  the  subccwimittee’s  final  report  was 
submitted  to  the  NAFDC.  The  parent 
committee  reviewed  the  recommenda¬ 
tions  on  penicillin  and  accepted  them. 
NAFDC  recommended  that  FDA  imme¬ 
diately  withdraw  approval  for  the  sub¬ 
therapeutic  uses  of  penicillin,  l.e.,  growth 
promotion/ feed  efficiency,  and  disease 
control. 

In  view  of  these  recommendations  and 
since  the  information  submitted  In  re¬ 
sponse  to  S  558.15  following  the  guide¬ 
lines  and  criteria  had  failed  to  resolve 
conclusively  the  Issues  of  safety  con¬ 
cerning  subtherapeutic  uses  of  penicillin 
in  animal  feeds,  the  Director  of  the  Bu¬ 
reau  of  Veterinary  Medicine  is  therefore 
proposing  to  withdraw  approval  of  all 
subtherapeutic  >  uses  of  p^lcillin  alone 
and  in  ccmibination  with  other  drugs  in 
animal  feeds.  Because  the  Nationtd  Acad¬ 
emy  of  Sciences/NatiOTial  Research 
Council  Drug  Efficacy  Study  Group  con¬ 
cluded  that  the  therapeutic  use  of 
penicillin  in  animal  feed  lacked  substan¬ 
tial  evidence  of  effectiveness,  he  Is  also 
proposing  to  withdraw  approval  of  all 
penicillin  use  in  animal  feed. 


ni.  SUMMARY  OF  THE  ARGUMENT 

Soon  after  his  advisory  of  penicillin, 
Sir  Arthur  Fleming  noted  that  scxne  bac¬ 
terial  organlans  could  becmne  resistant 
to  the  antibiotic.  As  the  use  of  antibiotics 
has  Increased,  the  number  and  types  of 
bact^ial  resistance  have  also  multiplied. 
'There  is  a  serious  concern  that,  in  time, 
this  will  lead  to  declining  usefulness  of 
antibiotics  In  the  treatment  of  both 
human  and  animal  diseases. 

The  Bureau’s  primary  concern  is  with 
that  portion  of  Increased  antibiotic  re¬ 
sistance  in  the  ecological  system  which 
may  result  from  the  practice  of  using 
subtherapeutic  levels  of  penicillin  and 
other  antibiotics  in  animal  feed  for  pro¬ 
longed  periods.  This  practice,  which 
sometimes  produces  increases  in  growth 
promoti(m/feed  efficiency,  provides  an 
ideal  environment  for  selective  pressure 
to  operate.  When  exposed  to  an  antibi¬ 
otic,  the  organisms  that  are  drug  resist¬ 
ant  survive  while  the  growth  of  other 
(drug-sensitive)  bacteria  is  inhibited. 
Eventually,  the  antibiotic-resistant  or¬ 
ganisms  predominate  in  the  bacterial 
population,  and  continuous  antibiotic 
pressure  perpetuates  this  abnormal  situ¬ 
ation. 

Bacterial  antibiotic  resistance  is  pri¬ 
marily  determined  by  genetic  elements 
termed  “R-plasmlds’'  (R-factors,  R+). 
The  Bureau’s  specific  concern,  therefore, 
is  with  the  health  hazard  that  may  arise 
through  an  increase  in  the  pool  of  R- 
plasmlds  In  the  animal  population  and 
the  potential  transfer  of  these  R-plas- 
mids  and  R-plasmid-beartng  organisms 
to  the  human  population  and  surround¬ 
ing  environment. 

R-plasmlds  are  small  lengths  of  DNA 
that  are  separate  from  the  bacterial 
chromosome.  These  R-plasmids  carry 
transferable  genes  for  drug  resistance  as 
well  as  the  capacity  to  reproduce  them¬ 
selves.  Plasmids  may  determine  resist¬ 
ance  to  more  than  one  antibiotic,  and  re¬ 
sistance  to  several  antibiotics  is  common. 
Moreover,  plasmids  can  transfer  from 
one  bacteria  to  another  and  from  non- 
pathogenic  to  pathogenic  strains.  ’Trans¬ 
fer  occurs,  although  with  varying  fre¬ 
quency  among  all  members  of  the  enteric 
bacteria  and  also  to  members  of  other 
families  of  bacteria.  The  pool  of  normal 
Gram -negative  bacterial  Intestinal  flora 
(largely  Escherichia  coli)  serves  as  a 
reservoir  of  R-plasmids;  the  R-plasmid- 
bearing  bacteria  interchange  among  ani¬ 
mals,  man,  and  the  environment.  The 
potential  for  harm  increases  as  the  R- 
plasmid  reservoir  increases  because  the 
probability  of  R-plasmid  transfer  to 
pathogens  increases.  When  the  Commis¬ 
sioner  required  all  holders  of  approved 
NADA’s  for  the  subtherapeutic  use  of 
penicillin  In  animal  feed  to  submit  data 
to  resolve  the  safety  questions  raised,  he 
was  principally  concerned  with  the  ef¬ 
fect  of  the  antibiotics  approved  for  sub¬ 
therapeutic  use  in  animal  feed  on  the 
emergence  of  transferable  drug  resist¬ 
ance  in  the  Salmcmella  reservoir  and  the 
E.  coli  of  animals.  In  the  Director’s  opin¬ 
ion.  the  results  of  the  studies  sutenltted 
and  the  data  available  are  clear;  the 
affected  parties  have  failed  to  answer 
the  safety  questions  raised. 
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Evidence  demonstrates  that  the  use  of 
subtherapeutlc  levels  of  penicillin  and 
other  antibiotics  in  animal  feed  con¬ 
tributes  to  the  increase  in  antibiotic  re¬ 
sistant  E.  colt  and  in  the  subsequent 
transfer  of  this  resistance  to  Salmonella. 
Further,  many  strains  of  E.  coli  and  Sal¬ 
monella  Infect  both  man  and  animals. 

The  holders  of  approved  NADA’s  have 
submitted  no  evidence  to  demonstrate 
that  the  observed  strains  of  E,  coli  and 
Salmonella  in  man  and  animals  are  mu¬ 
tually  exclusive;  in  fact,  the  evidence  is 
overwhelming  to  the  contrary.  Further¬ 
more,  in  some  cases  the  B-plasmids  as 
well  as  the  resistance  genes  from  hu¬ 
mans  and  animal  sources  are  indistin¬ 
guishable.  Thus,  the  potential  for  harm 
exists,  as  illustrated  by  the  studies  sub¬ 
mitted  and  verified  by  evidence  from 
studies  conducted  by  independent  sci¬ 
entists.  No  evidence  hai  been  submitted 
by  any  NADA  holder  to  resolve  conclu¬ 
sively  the  safety  questions  raised  by  this 
potential  in  accordance  with  the  re- 
quirranents  of  §  558.15. 

The  holders  of  approved  NADA’s  were 
also  required  to  submit  studies  demon¬ 
strating  that  the  subtherapeutlc  use  of 
penicillin  in  animal  feed  would  not  com- 
l)romise  subsequent  antibiotic  therapy  in 
man  or  animals,  but  animal  studies  sub¬ 
mitted  on  their  behalf  by  the  Animal 
Health  Institute  to  determine  whether 
subtherapeutlc  penicillin  use  compro¬ 
mised  subsequent  therapy  with  related 
drugs  were  inconclusive  because  the 
studies  were  inproperly  designed.  Thus, 
holders  also  failed  to  show  conclusively 
that  subtherapeutlc  penicillin  use  is  safe 
in  accord  with  that  criterion. 

Additionally,  the  NADA  holders  were 
required  to  prove  that  the  subtherapeutlc 
use  of  penicillin  would  not  increase  the 
pathogenicity  of  the  infecting  organism. 
They  have  submitted  no  adequate  studies 
on  the  issue,  and  other  recent  evidence 
now  suggests  that  the  genetic  determi¬ 
nants  for  toxic  productiMi  may  become 
linked  with  drug  resistance  gerfes.  Thus, 
the  spcmsors  failed  to  satisfy  that  cri¬ 
terion  also. 

No  studies  have  ever  been  submitted  on 
the  Issues  of  the  safety  of  penicillin  resi¬ 
dues  in  food  or  the  effect  of  long-term 
use  on  the  penicillin  levels  needed  to 
maintain  their  subtherapeutlc  effective¬ 
ness. 

Finally,  the  National  Academy  of  Sci- 
ences/Natlcmal  Research  Coimcil  Drug 
Efficacy  Study  Group  evaluated  the  ef¬ 
fectiveness  claims  for  the  penicillin  pre¬ 
mixes  and  concluded  that  there  was  a 
lack  of  substantial  evidence  that  the  pre¬ 
mixes  were  effective  for  their  therapeutic 
claims.  No  adequate  and  well-controlled 
investigations  showing  that  these  prod¬ 
ucts  are  effective  have  been  submitted. 

None  of  the  specified  human  and  ani¬ 
mal  health  safety  criteria  have  been  sat¬ 
isfied,  and  the  premixes  lack  substantial 
evidence  of  effectiveness  for  their  thera¬ 
peutic  claims.  For  all  the  foregoing  rea¬ 
sons,  the  Director  is  proposing  to  with¬ 
draw  approval  of  all  NADA’s  for  the  use 
of  penicillin  and  combination  products, 
e.g.,  chlortetracycline-sulfamethazine- 
penlclUln,  in  animal  feed. 


IV.  STVOUES  BKLEVAMT  TO  HXmAN  AND  ANIMAL 
HEALTH  SATETT  CRITERU 

A.  Transfer  of  Drug  Resistance  {Criterion 

D.^The  Pool  of  R-Plasmid-Bearing 

Organisms  fa  Increasing 

1.  Background.  One  of  the  most  im¬ 
portant  animal  and  human  health  safety 
criteria  (niunber  1.,  set  forth  in  n.  B. 
above)  concerns  the  role  of  subthera¬ 
peutlc  antibiotic  use  on  the  selection  for 
and  Increase  in  the  pool  of  microbial 
plasmids  determining  multiple  drug  re¬ 
sistance,  and  in  the  transfer  of  these 
plasmids  among  bacteria  in  animals  and 
man.  Resistance  to  antibiotics  has  been 
known  as  long  as  the  antibiotics  them¬ 
selves  have  been  known.  Until  1959  it  was 
believed  that  antibiotic  resistance  was  a 
result  of  chance  mutation  and  natural 
selection  alone.  However,  in  1959,  Japa¬ 
neses  investigators  (Ref.  1)  discovered 
that  resistance  to  several  ccHnmon  anti¬ 
microbial  agents  could  be  transferred 
simultaneously  from  one  bacterium  to 
another  by  cell-to-cell  contact  (conjuga¬ 
tion)  .  This  was  shown  to  be  due  to  the 
transfer  of  extrachromosomal  resistance 
determinants  called  R-plasmids,  l.e.,  R- 
factors,  or  R+.  Resistance  produced  by 
R-plasmids  generally  Involves  the  pro¬ 
duction  of  enzymes  that  inactivate  the 
antibiotic.  For  example,  R-plasmid  medi¬ 
ated  penicillin  resistance  is  due  to  the 
production  of  an  enzyme,  penicillinase, 
that  inactivates  the  penicillin  molecule. 
This  same  enzyme  is  also  active  against 
many  semisynthetic  penicillins,  includ¬ 
ing  ampicillin.  R-plasmids  may  carry  as 
many  as  nine  drug  resistance  genes.  The 
plasmids  also  carry  other  genes  that  de¬ 
termine  the  R-plasmid’s  replication,  in¬ 
dependent  of  the  host  chromosome,  as 
well  as  information  for  transfer  of  the 
R-plasmids  from  one  bacterium  to  an¬ 
other  by  conjugation.  R-plasmids  are 
transferred  by  conjugation  to  virtually 
all  Enterobacteriaceae  as  well  as  to  such 
imrelated  Gram-negative  bacteria  as 
Vibrio,  Pseudomonas,  and  Pasteur ella. 
Thus,  resistance  may  pass  from  strain  to 
strain,  species  to  species,  and  most  im¬ 
portantly,  from  nonpathogen  to  patho¬ 
gen.  R-plasmids  are  now  known  to  be  the 
predominant  cause  of  antibiotic  resist¬ 
ance  in  Gram-negative  organisms  that 
cause  human  disease,  e.g.,  E.  coli.  Sal¬ 
monella.  Shigella,  etc. 

While  the  development  of  antibiotics 
revolutionized  the  treatment  of  infec¬ 
tious  disease  in  both  man  and  animals, 
the  magnitude  of  this  achievement  has 
been  diminished  by  the  widespread 
emergence  of  antibiotic  resistant  bac¬ 
teria.  R-plasmld  mediated  resistance  is 
particularly  ominous  since  selection  of 
resistance  to  a  single  antibiotic  may  also 
lead  to  the  simultaneous  selection  of  re¬ 
sistance  to  a  wide  spectrum  of  other 
antibiotics.  In  recent  years,  antibiotic 
resistance  has  emerged  in  important 
pathogens ;  for  example,  in  Haemophilus, 
Neisseria  gonorrhoeae,  and  Salmonella 
typhi.  R-plasmid  mediated  resistance 
has  been  identified  in  epidemics  aroimd 
the  world,  e.g..  Salmonella  typhimurium. 
Some  of  these  organisms  have  acquired 
both  ampicillin  and  chloramphenicol  re¬ 


sistance,  producing  disease  that  will  no 
longer  respond  to  therapy.  Hence,  drug- 
resistant  organisms  have  become  an  Im¬ 
portant  concern  in  both  human  and  vet¬ 
erinary  medicine,  (Ref.  2  and  3 ) . 

Because  the  use  of  antibiotics  Is  ex¬ 
tensive,  an  effort  must  be  made  to  assure 
the  future  utility  of  these  lifesaving 
products.  In  1960,  the  annual  produc¬ 
tion  of  antibiotics  in  the  United  States 
was  4.16  million  pounds,  of  which  2.96 
million  pounds  were  used  for  therapeutic 
purposes  in  human  and  veterinary  medi¬ 
cine  and  1.20  million  pounds  in  animal 
feed  additives.  By  1970,  9.6  million 
pounds  were  being  used  for  hiunan  and 
veterinary  medicine  pharm£u:eutlcals; 
for  animal  feed  additives,  7.3  million 
pounds  were  being  used.  Moreover,  ac¬ 
cording  to  “Synthetic  Organic  CJheml- 
cals.  United  States  Production  and  Sales 
(1971-1975)”  (U.S.  International  Trade 
Commission  Publication  804) ,  the  5-year 
average  production  for  1971  through  1975 
was  11.16  million  pounds  for  medicinal 
uses  and  7.68  million  pounds  for  non- 
medicinal  uses,  including  feed  additive 
uses.  Over  those  5  years,  the  aggregate 
average  of  the  total  production  for  those 
nonmedlcinal  uses  was  40.8  percent — ^but 
48.6  percent  in  1975.  Thus  the  use  of 
antibiotics  in  animal  feeds  is  a  consid¬ 
erable  element  in  the  overall  use  of  anti¬ 
biotics  in  this  country  and  consequently 
must  be  considered  a  potentially  signifi¬ 
cant  contributor  to  the  resistance  prob¬ 
lem. 
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2.  Criterion.  The  FDA  Task  Force  con¬ 
cluded  that  a  human  health  hazard  ex¬ 
ists  if  the  subtherapeutic  use  of  antibi¬ 
otics  in  animal  feeds  leads  to  an  increase 
in  R-plasmid-bearing  organisms,  if  these 
antibiotics  used  subtherapeutically  are 
also  used  in  human  clinical  medicine,  and 
if  R-plasmids  subsequently  appear  in 
bacteria  in  man.  It  was  the  intent  of  the 
Task  Force  as  well  as  the  intent  of  §  558.- 
15  to  reduce  the  total  load  of  resistant 
organisms  in  the  environment  and  to  en¬ 
sure  the  effectiveness  of  antibiotics  in  the 
treatment  of  disease  in  man  and  animals. 
Accordingly,  §  558.15  required  the  follow¬ 
ing: 

An  antibacterial  drug  fed  to  animals 
shall  not  promote  an  increase  of  con¬ 
forms  that  are  resistant  to  antibacterial 
drugs  used  in  human  clinical  medicine 
and  capable  of  transferring  this  resist¬ 
ance  to  bacteria  Indigenous  to  the  in¬ 
testinal  tract  of  man.  Studies  must  be 
undertaken  to  assess  the  occurrence  and 
significance  of  these  events: 

a.  Controlled  studies  shall  be  under¬ 
taken  to  determine  whether  or  not  the 
administration  of  an  antibacterial  drug 
at  low  and/or  intermediate  levels  to  tar¬ 
get  animals  results  in  an  increase  in  the 
numbers  of  conforms  bearing  R- 
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plasmids  present  In  the  intestinal  tract 
of  the  or  a  change  in  the  resist¬ 

ance  ^wctrum  of  these  organisms  com¬ 
pared  to  those  found  in  controls  receiT- 
ing  no  antibacterial  drug.  The  resistance 
spectrum  must  be  determined  to  ascer¬ 
tain  whether  or  not  there  are  determi¬ 
nants  present  for  resistance  to  antibac¬ 
terial  drugs  used  in  hiunan  clinical 
medicine. 

b.  If  the  resistance  determinants  indi¬ 
cated  in  a.  are  found,  a  sponsor  may  elect 
to  conduct  additional  studies  to  deter¬ 
mine  if  such  multiple  drug  resistance  is 
transferable  to  the  indigenous  conforms 
in  the  intestinal  tract  of  man. 

In  addition  to  the  FDA  Task  Force, 
many  other  scientists  were  concerned 
that  the  use  of  antibiotics  at  subthera- 
peutic  levels  in  feed  might  lead  to  the 
development  of  R-plasmid-bearing  or¬ 
ganisms  in  food  animals,  which  might 
then  siH'ead  to  man.  The  ncM'mal  enteric 
OTganisms  that  can  serve  as  this  reservoir 
are  the  conforms,  in  particular  E.  coU. 
These  E.  coli  can  donate  the  R-plasmids 
to  other  bacteria,  including  pathogens, 
e.g.,  pathogenic  E.  coU.  Salmonella,  etc. 

3.  Studies  Relevant  to  Transfer  of  Drug 
Resistance — (a)  R-plasmid-bearing  E. 
coli  develop  in  domestic  animals  that  are 
fed  siibtherapeutic  levels  of  antibiotics, 
inclxiding  penicillin.  Many  investigators 
have  reported  the  presence  of  R- 
plasmid -bearing  E.  coli  in  dcanestic  ani¬ 
mals  such  as  chickens,  swine  and  cattle. 
The  influence  of  antibiotic -supplemented 
feed  in  increasing  the  number  of  resist¬ 
ant  organisms  has  been  extensively 
documented.  Mercer  et  al.  (Ref.  1) 
showed  that  394  of  491  Isolates  (80  per¬ 
cent)  fixHn  animals  exposed  to  anti¬ 
biotics  in  feed,  including  penicillin,  were 
resistant  strains,  and  in  contrast,  only 
14  of  64  Isolates  (21.9  percent)  obtained 
from  animals  not  exposed  to  antibiotics 
in  feed  were  resistant  strains.  Mercer 
also  reported  that  plasmid-mediated 
ampicillin  resistance  occurred  more  fre¬ 
quently  in  animals  that  were  exposed 
to  subtherapeutlc  levels  of  penicillin  In 
their  feed  than  in  n(»imedicated  animals. 
Selgd  et  al.  (Ref.  2)  Smith  and  Tucker 
(Ref.  3) ,  Katz  et  al.  (Ref.  4) .  and  others 
have  also  shown  that  the  addition  of 
penicillins  to  feed  at  subtherapeutic 
levels  causes  a  significant  increase  in  the 
R-plasmid-bearing  coliform  population 
of  the  intestinal  flora  of  animals.  Even 
the  data  submitted  by  the  drug  indus¬ 
try  on  the  effect  of  subtherapeutic  use 
of  penicillin  on  the  E.  coli  flora  of  poul¬ 
try,  which  will  be  discussed  in  depth  in 
p^  IV.  B.  3.  below,  also  show  an  in¬ 
crease  in  drug-resistant  E.  coli. 

Accordingly,  the  Director  has  con¬ 
cluded  that  subtherapeutic  iise  of  peni¬ 
cillin  in  animal  feed  produces  a  high 
level  of  antibiotic  resistant  E.  coli  and 
that  the  subtherapeutic  use  of  penicillin 
selects  for  R-plasmid-ccmtainlng  bac¬ 
teria  in  animals  (human  health  criteria 
l.(a)  set  fcwth  in  n.  B.  above),  i.e.,  the 
antibiotic  pressure  of  subtherapautic 
penicillin  use  allows  microbial  R- 
plasmld-containlng  populations  to  pre- 
dcHnlnate.  These  populations  appear  to 
be  stable  and  persistent,  even  in  the  ab- 
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aeaot  of  pentofllln  pramre.  Once  Oae 
reservoir  of  R-plasmlds  clevti<K)s.  the 
initial  cause  of  the  B-plasmid  buildup, 
whether  the  subtherapeutic  use  ot  pen¬ 
icillin  or  another  drug  (.or  drug  combi¬ 
nations)  ,  is  irrelevant  to  the  R-plasmlds’ 
transferability  or  movem^t  frmn  ani¬ 
mals  to  humans.  Tho-efore,  all  studies 
on  the  movement  of  R-plasmlds  and 
resistant  bactoia  are  germane  to  this 
issue  even  thoufidi  penicillin  was  not  al¬ 
ways  used  as  the  specific  antibiotic. 
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(b)  E.  coli  contribute  their  R-plasmids 
to  man  through  several  mechanisms. 
There  has  been  much  debate  over  the 
extent  to  which  E.  coli  in  the  animal 
community  wet  as  a  source  of  R-plasmid- 
bearing  strains  for  man.  This  is  perhaps 
the  most  cemtroversial  and  most  difficult 
aspect  of  R-plasmid  ecology  to  assess. 
Drug-resistant  bacteria  originating  in 
animals  may  reach  man  (1)  by  direct 
contact  with  animals,  (2)  through  the 
food  chain,  and  (3)  because  of  th^ 
widespread  occurrence  in  the  environ¬ 
ment 

(i)  Direct  contact  with  animals:  A 
number  of  studies  have  shown  that  hu¬ 
mans  in  contact  with  animals  receiv¬ 
ing  medicated  feed,  including  subthera¬ 
peutic  levels  of  penicillin,  have  a  higher 
incidence  of  drug-resistant  organisms  in 
their  flora  than  do  control  populations 
without  this  direct  contact.  Linton  et  al. 
(Ref.  1)  foimd  a  higher  incidence  of 
drug-resistant  E.  coU  in  adults  employed 
with  livestock  husbandry  than  other 
rural  or  urban  adults.  Wells  and  James 
(Ref.  2)  found  a  higher  incidence  of 
drug-resistant  E.  coli  in  humans  in  con¬ 
tact  with  pigs  given  certain  antibiotics 
than  in  humans  in  contact  with  pigs 
that  had  not  been  given  antibiotics. 

Seigel  et  al.  (Ref.  3)  compared  the  pro¬ 
portion  of  resistant  organisms  in  fecal 
samples  from:  (a)  people  working  on 
farms  who  were  continuoiisly  in  contact 
with  the  predominantly  resistant  flora  of 
animals  receiving  subtherapeutic  levels 
of  penicillin;  (b)  people  residing  on  the 
same  farms  with  no  direct  exposure  to 
the  farm  animals;  (c)  people  treated 
with  antibacterial  drugs;  (d)  •untreated 
people  residing  with  treated  individuals; 

(c)  untreated  people  with  no  exposure  to 
farm  animals  or  treated  individuals. 


Ihe  data  (Ref.  3)  indicate  that  the 
enteric  flora  of  individuals  not  directly 
exposed  to  the  selective  effects  of  anti¬ 
biotics  can  be  affected  by  contact  with 
animals;  furthmnore,  these  individuals 
may  be  affected  by  contact  with  other 
people  who  have  a  predominantly  re¬ 
sistant  flora  as  a  result  of  their  exposiu-e 
to  subtherapeutic  lev^  of  antibacterials 
infeeds. 

A  stiuly  sponsored  by  the  Animal 
Health  Institute.  Levy  et  al.  (Ref.  4) ,  ex¬ 
amined  the  change  in  intestinal  micro- 
flora  of  chickens,  farm  dwellers,  and 
their  neighbors  before  and  after  a 
tetracycline-supplemented  feed  was  in¬ 
troduced  on  the  farm.  Within  1  week 
after  introduction  of  this  antibiotic  in 
their  diet,  the  E.  coli  of  the  chickens  were 
almost  entirely  tetracycline  resistant. 
Subsequently,  at  a  slower  rate,  increased 
numbers  of  antibiotic-resistant  bacteria 
appeared  in  the  flora  of  the  farm 
dwellers.  No  such  increase  was  observed 
in  the  farm  neighbors,  who  were  not 
exposed  to  the  animals  fed  subtherapeu¬ 
tic  antibiotics.  Within  5  to  6  months,  S1.3 
percent  of  weekly  fecal  samples  frmn 
farm  dwellers  contained  greater  than  80 
percent  tetracycline-resistant  bacteria 
cmnpared  to  6.8  percent  of  the  samples 
from  the  neighbors.  This  is  statistically 
signifleant  (P<0.001).  Using  a  specially 
marked  resistance  gene  to  identify  a  par¬ 
ticular  plasmid.  Levy  was  also  able  to 
demonstrate  the  direct  spread  of  re¬ 
sistant  organisms  fitxn  chickens  to 
chickens  and  from  chickens  to  man 
(Ref.  5). 

Although  pnflcillin  was  not  used  in 
this  study,  resistance  to  both  penicillin 
and  tetracycline  is  plasmid  mediated; 
therefore,  the  study  is  germane  to  the 
question  of  the  'transfer  of  resistant 
organisms  from  animals  to  man.  These 
studies  demonstrate  that  the  subthera¬ 
peutic  use  of  certain  antibiotics  increases 
the  pool  of  R-plasmid-bearing  E.  coli, 
and  they  define  one  route  by  which  anti¬ 
biotic-resistant  strains  can  enter  the  hu¬ 
man  population.  While  this  route  is  of 
great  importance  to  farm  dw^ers,  the 
majority  of  the  pc^nilation  has  no  con¬ 
tact  with  live  anlmials.  For  this  segment 
of  individuals,  a  more  important  route 
of  exposure  by  which  resistant  bacteria 
can  pass  to  man  is  by  the  handling  and 
ingestion  of  meat  and  poultry  products 
contaminated  with  R-plasmid-bearing  E. 
coli  of  animal  origin. 
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ICacone,  “Spread  of  Antibiotic  Resistant 
Plasmids  Prom  Chicken  to  Chicken  and  from 
Chicken  to  Man,**  Nature,  260:40-42,  !.976a. 

(11)  Contact  with  E.  coZi-contaml- 
nated  food:  To  assess  adequately  the 
significance  of  the  problem  of  human 
food  contaminated  with  E.  coli,  Howe 
and  Linton  (Ref.  1)  described  four  fac¬ 
tors  that  must  be  measured:  (a)  The 
incid^ce  of  R-plasmld-bearing  E.  coh 
In  food-m’oducing  animals;  (b)  the  load 
and  frequency  of  excretion  of  E.  coli 
from  these  animals;  (c)  the  degree  and 
source  of 'contamination  of  carcasses  at 
slaughter;  and  id)  the  overlap  of  E.  coli 
serotypes  in  various  host  animals  with 
those  commonly  found  in  humans.  A 
number  of  surveys  have  clearly  docu¬ 
mented  that  pigs,  calves,  and  poultry 
carry  a  large  reservoir  (tf  antibiotic-re¬ 
sistant  E.  coli.  These  Include  investiga¬ 
tions  by  Anderscm;  Loken;  Mercer; 
Smith;  Howe,  Linton  and  Osborne; 
Smith  and  Crabb  (Refs.  2  throui^  8,  and 
15).  In  these  surveys,  antmaJs  excrete 
large  numbers  of  E.  coli  organisms  re¬ 
sistant  to  a  wide  range  of  clinically  use¬ 
ful  antibiotics,  and  these  animals  clearly 
constitute  a  reservoir  “rich"  in  R-plas- 
mlds.  Moreover,  they  excrete  a  large 
variety  of  distinct  serotypes  of  E.  coli. 

During  the  slaughtering  process,  con¬ 
tamination  of  carcasses  with  intestinal 
microorganisms  cannot  be  prevented. 
Meat  and  meat  products  are  often  con¬ 
taminated  with  antibiotic-resistant  E. 
coli,  and  these  often  reach  the  human 
consumer.  Walton  (Ref.  9)  demonstrated 
that  52  percent  of  the  bovine  (beef)  and 
83  percent  of  porcine  (pork)  carcasses 
slaughtered  at  commercial  abattoirs  were 
contaminated  with  E.  coU.  Walton  and 
Lewis  (Ref.  10)  Isolated  resistant  E.  coli 
from  21  of  50  specimens  of  fresh  meat 
and  from  4  of  50  specimens  of  cooked 
meat.  Babcock  et  al.  (Ref.  11)  Isolated 
multiresistant  E.  coli  from  80  percent  of 
98  samples  of  dressed  beef.  Resistance  in 
most  cases  was  found  to  be  transmissible. 

Similar  Incidents  of  E.  coli  contamina¬ 
tion  occur  with  the  slaughter  of  chickens. 
Kim  and  Stephens  (Ref.  12)  found  a 
high  incidence  of  R-plaanid-bearing  E. 
coli  in  “ready  to  cook”  broiler  chickens. 
The  greatest  number  of  E.  coli  isolated 
were  obtained  from  the  fiuid  and  abdom¬ 
inal  cavity,  suggesting  that  the  principal 
source  of  these  microorganisms  Is  the 
intestines.  Furthermore,  poultry  meat 
has  been  incriminated  as  a  source  of  E. 
coli  for  patients  In  hospitals  (Cooke  et 
al.,  and  Shooter  et  al.  (Refs.  14  and  18) ) . 

The  presence  of  antibiotic-resistant 
(R-plasmld-bearing)  E.  coli  In  the  ani¬ 
mal  Intestinal  tract  and  on  the  carcass 
does  not  conclusively  prove  that  the  E. 
coli  are  identical  organisms.  However, 
recent  studies  using  serotyping  methods 
have  characterized  resistant  and  sensi¬ 
tive  E.  coli  isloated  from  the  animal  in¬ 
testinal  tract  and  carcass  (Refs.  13,  15, 
16,  and  17)  and  have  found  that  the  re¬ 
sistant  O-sero^rpes  on  the  carcasses  of 
pigs,  calves,  and  poultry  frequently  are 
identical  to  those  isolate  from  the  fecal 


contents  of  the  same  animal.  Moreover. 
Linton.  Howe,  et  al.  (Ref.  17)  showed 
that  a  large  number  of  E.  coli  found  on 
table-ready  thawed  chickens  woe  re¬ 
sistant  to  therapeutically  inuwrtant  an¬ 
tibiotics.  The  CMTganisms  reaching  the 
kitchen  included  a  wide  diversity  of  O- 
serotypes  of  antibiotic-resistant  E.  coli. 
Similarly,  Shooter  et  al.  (Ref.  13)  de¬ 
scribed  the  distrlbuticm  and  serotype  of 
strains  of  E.  coli  from  a  poultry  packing 
station  and  an  abattoir.  Shooter  con¬ 
cluded  that  “results  in  both  the  abattoir 
and  the  poultry  packing  station  indiacte 
that  there  is  transfer  of  strains  from  the 
faeces  of  the  animals  to  the  environment 
and  that  the  strains  of  E.  coli  found  on 
the  carcasses  of  poultry,  cattle  and  beef 
vidll  originate  from  the  feces  of  the  ani¬ 
mal  and  from  the  environment  and  will 
reffect  the  history  of  the  carcass." 

Foodborne  Salmonella  infections  in 
man  are  a  well-recognized  and  continu¬ 
ing  problem.  Animal  meat  products  that 
serve  as  a  primary  source  of  Salmonella 
infections  in  hmnans  also  serve  as  a 
source  of  other  bacteria  for  man  Includ¬ 
ing  R-plasmid-bearing  enteric  bacteria 
(Ref.  19).  Based  on  this  evidence,  the 
Director  must  conclude  that  man  is  ex¬ 
posed  to  R-plasmid-bearing  intestinal 
bacteria  through  contact  with  contami¬ 
nated  food.  Because  the  drug  resistance 
of  these  bacteria  is  increased  by  feeding 
the  animals  subthen^utic  levels  of 
antibiotics,  such  feedi^  enhances  the 
likelihood  of  transmitting  R-factor- 
bearing  bacteria  to  man  through  con¬ 
tact  with  contaminated  food. 
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(ill)  Widespread  presence  In  the  en¬ 
vironment:  Many  studies  (Ref.  1  through 
6)  have  shown  that  intestinal  bacteria 
(e.g.,  E.  coli  and  Salmonella)  canylng 
R-plasmids  are  widespread  in  the  envi¬ 
ronment.  Resistant  strains  reach  toe  en¬ 
vironment  fnnn  raw  and  treated  munic¬ 
ipal,  hospital,  and  animal  wastes.  The 
number  of  R-plasmid-bearing  bacteria 
reported  in  sewage  and  toe  effects  of 
sewage  treatment  vary.  Most  surveys  in¬ 
dicate  that  hospital  sewage  contains 
more  drug-resistant  conforms,  more  R- 
plasmlds,  and  a  greater  proportion  of 
R-plasmids  carrying  multiple  resistance 
than  sewage  from  domestic  and  other 
soiu’ces.  However,  hospitals  do  not  con¬ 
stitute  a  large  proportion  of  total  sew¬ 
age.  nierefore,  Linton  et  al.  (Ref.  4) 
compared  toe  contributions  of  hospital 
and  domestic  sources  to  the  total  pooled 
sewage  output  of  the  city  of  Bristol,  and 
they  concluded  that  industrial  and  do¬ 
mestic  sources,  rather  than  toe  hospital 
population,  ai^ar  to  be  by  far  toe 
greatest  contributors  to  the  reservoir  ol 
R-plasmids  in  the  community  (Ref.  I). 
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R-plasmld-contalnlng  bacteria  also 
occur  in  rivers  and  sea  water,  and  some 
authors  have  urged  stricter  control  of 
discharges  to  surface  waters.  Peary  et  al. 
(Ref.  2)  examined  the  incidence  of  anti¬ 
biotic-resistant  E.  coli  present  at  sites 
along  a  fresh  water  river  system  and 
within  the  salt  water  bay  into  which  it 
empties.  Antibiotic-resistant  conforms 
were  detected  in  nearly  all  the  fresh 
water  sites  sampled  and  in  about  50  per¬ 
cent  of  the  salt  water  sites.  Peary  found 
that  20  percent  of  the  194  strains  tested 
contained  R-plasmids  carrying  multiple 
antibiotic  resistance  which  could  be 
transferred  to  sensitive  Salmonella  ty- 
phimurium.  Shigella  dysenteriae,  and 
E.  coli.  They  also  isolated  conforms  con¬ 
taining  R-plasmid  carrying  resistance 
to  chloramphenicol.  Transferable  chlor¬ 
amphenicol  resistance  is  a  significant 
health  concern  since  chloramphenicol  is 
often  the  antibiotic  of  choice  for  the 
treatment  of  typhoid  fever.  In  Peary’s 
study,  the  incidence  of  conform  orga¬ 
nisms  appeared  higher  around  heavily 
populate  areas,  but  conforms  were  also 
recovered  with  ease  from  rural  areas.  In 
one  case  where  particularly  high  counts 
were  obtained,  the  sample  was  taken  be¬ 
low  a  large  cattle  f  eedlot. 

The  high  levels  of  resistant  conforms 
may  be  of  more  consequences  in  the  salt 
water  since  certain  sections  are  utilized 
heavily  by  fishermen  in  harvesting  fish, 
shrimp,  clams,  and  oysters.  Oysters  and 
clams  are  (rf  primary  concern  because 
they  continuously  filter  water  and  con¬ 
centrate  bacteria  in  their  gut  and  they 
are  often  eaten  uncooked. 

Recent  reijorts  by  Co<*e  (Ref.  1)  have 
also  described  a  high  incidence  of  resist¬ 
ant  coliforms  in  marine  shellfish  and 
freshwater  mussels. 

Therefore,  the  Director  must  conclude 
that  the  environment  is  heavily  con¬ 
taminated  with  bacteria  containing 
transferable  R-plasmids.  Man  is  exposed 
to  the  danger  of  acquiring  R-plasmid- 
bearing  coliforms  from  the  environment, 
and  the  relative  number  of  R-plasmid- 
bearing  bacteria  is  increased  both  by  the 
subtherapeutic  use  of  antibiotics  in  ani¬ 
mal  husbandry  and  the  use  of  antibiotics 
in  human  medicine.  Antibiotic-resistant 
bacteria  are  now  so  widely  distributed  in 
the  general  environment  that  it  is  diffi¬ 
cult  to  relate  their  appearance  to  a  par¬ 
ticular  use,  but  any  unnecessary  practice 
that  results  in  the  ineffectiveness  of  anti¬ 
biotics  for  the  treatment  of  disease 
should  be  eliminated. 
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(c)  R-plasmid-bearing  human  and 
animal  strains  of  bacteria  overlap.  Typ¬ 
ing  of  surface  bacterial  antigens  is  used 
as  a  means  of  Identifying  bacterial 
strains.  Three  types  of  specific  surface 
antigens  are  associated  with  the  E.  coli 
cell :  An  “O”  cell  wall  lipopolysaccharide 
antigen,  a  “K”  capsular  or  envelope  anti¬ 
gen,  and  an  “H”  flagellar  protein  antigen 
which  (x;curs  among  mobile  organisms. 
The  antigens  are  characteristic  of  a  spe¬ 
cific  organism,  and  they  serve  to  identify 
distinct  bacterial  types  (serotypes)  with¬ 
in  species.  Their  presence  is  detected  by 
the  ability  of  E.  coli  organisms  to  inter¬ 
act  with  specific  antiserums. 

(i)  Epidemiological  investigations — E. 
coli  serotyping:  (a)  Despite  the  wide¬ 
spread  occurrence  of  R-plasmids  in  the 
environment,  some  workers  (Bettelheim 
et  al..  Ref.  1)  suggested  that  human  E. 
coli  and  animal  E.  coli  were  distinct. 
These  workers  argued  that  there  were 
marked  differences  in  serotype  distribu¬ 
tion  in  strains  isolated  from  man  and 
animals;  they  also  suggested  than  ani¬ 
mal  strains  of  E.  coli  were  not  reaching 
the  human  population  or  were  failing  to 
implant  in  the  bowel.  More  recently, 
however,  this  same  group,  Bettelheim  et 
al.  (Ref.  2),  compared  the  serotypes  of 
13,139  strains  of  E.  coli  isolated  from 
humans  with  the  serotypes  of  1,076  ani¬ 
mal  strains  of  E.  coli;  708  different  O/H 
serotype  combinations  were  found.  Of 
these,  520  were  found  in  human  strains 
only,  130  from  animal  strains  only,  and 
58  O/H  serotypes  from  humans  and  ani¬ 
mals.  The  authors  concluded : 

At  first  glance  tbe  results  described  in  thLs 
paper  would  indeed  support  the  view  that 
human  and  animal  strains  of  £.  coli  are 
largely  distinct.  Second  thoughts,  however, 
suggest  a  little  caution  in  accepting  the 
opinion  too  firmly. 

However  thoroughly  human  or  animal 
stools  are  examined,  only  a  minute  fraction 
of  the  total  bacterial  content  is  examined, 
and  Inevitably  strains  recorded  as  being  iso¬ 
lated  tend  to  be  those  that  predominate.  It 
is  always  probable  that  if  examination  Is 
continued,  further  strains  may  be  isolated 
but  after  an  amount  of  work  that  is  imprac¬ 
ticable  in  any  ordinary  investigation.  If  this 
is  so.  it  is  possible  that  many  of  the  strains 
recorded  as  coming  from  humans  only  or 
from  animals  only  might,  with  more  diligent 
examination,  be  recorded  as  present  in  both 
man  and  animals. 
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Sources,”  Journal  of  Hygiene,  76:408-406, 
1976. 

(b)  Lint<Mi,  Howe,  Richmond,  and  their 
collaborators  (Refs.  1  through  4)  also 
conducted  extensive  epldonlological  In¬ 
vestigations.  They  found  a  wide  range  of 
resistant  and  sensitive  O-serotypes  of  E. 
coli  in  calves,  pigs,  and  poultry,  and  they 
compared  these  serotypes  with  those 
found  in  the  human  intestine.  The  au¬ 
thors  found  that  many  O-serotypes  com¬ 
mon  to  man  were  also  common  to  one  or 
more  of  the  three  animal  species  exam¬ 
ined.  Thus,  they  concluded  that  it  is  im¬ 
possible  to  make  a  clear  distinction  be¬ 
tween  “animal”  and  "human”  intestinal 
strains  of  antibiotic-resistant  E.  coli 
based  on  O-serotyplng  alone.  More  im¬ 
portantly,  the  studies  suggest  a  consider¬ 
able  overlap  in  the  distribution  of  R- 
plasmid-bearing  O-eerotypes  in  man  and 
in  animals.  Moreover,  the  same  resistant 
serotypes,  which  predominate  in  the  E. 
coli  populations  from  healthy  human 
and  animal  fecal  sources,  were  also  prev¬ 
alent  among  R-plasmid-bearing  strains 
from  clinical  material  (Ref.  5) . 

Because  the  use  of  O-serotyping  alone 
as  an  epidemiological  tool  has  been  criti¬ 
cized  on  the  grounds  that  it  is  incom¬ 
plete  and  Inadequate,  Howe  and  linton 
(Ref.  2)  examined  E.  coli  for  the  K  and 
H  antigens  as  well  as  Uie  O  antigen. 
They  studied  90  strains,  17  chosen  at 
random  from  human  urinary  tract  in¬ 
fections,  17  from  human  feces,  and  56 
from  calf  feces,  all  belonging  to  O-tsres 
8,  9,  and  101.  The  authors  found  the 
same  K  and  H  antigens  in  certain  strains 
of  the  same  O-types  from  each  of  the 
three  E.  coli  sources.  Additionally,  K  and 
H  antigens  associated  with  these  O-sero¬ 
types  were  not  specific  to  antigens  asso¬ 
ciated  with  these  O-serotypes  were  not 
specific  to  E.  coli  isolated  from  humans 
or  from  calves.  Although  further  sub¬ 
division  of  the  three  O-serotypes  was 
possible  by  this  means,  the  authors  con¬ 
cluded  that  O-serotyping  alone  provided 
a  very  useful  means  of  distinguishing 
strains  of  E.  coli  in  a  general  survey. 

These  studies  show  that  a  similar 
range  of  drug-resistant  R-plasmid-bear- 
ing  O-serotypes  of  E.  coli  have  been 
found  in  man  and  the  various  animal 
species  examined.  Furthermore,  the 
studies  show  that  the  ratio  of  drug- 
resistant  to  drug-sensitive  isolates  was 
much  higher  in  animals  than  in  man 
(Ref.  2  and  6) .  Hius  the  abundance  and 
diversity  of  drug-resistant  R-plasmid- 
bearing  O-serotypes  in  animals  are  much 
greater  than  that  currently  found  in 
man,  and  the  serotypes  overlap. 
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(ii)  Direct  ingesticm  evidence:  Direct 
Ingestion  experiments  have  also  been 
conducted  to  show  that  R-plasmid-bear- 
ing  E.  coli  of  farm  origin  can  colonize 
the  human  intestinal  tract.  In  1969, 
Smith  (Bef.  1)  concluded  that  animal 
E.  coli  strains  were  poorer  at  colonizing 
the  intestine  of  man  than  were  human 
E.  coU  strains.  However,  his  observations 
were  based  on  a  single  volunteer  (him¬ 
self)  and  a  small  number  of  E.  Coli 
strains.  Cooke  in  1972  (Ref.  2),  on  the 
other  hand,  reported  that  it  was  relative¬ 
ly  easy  to  produce  temporary  colimiza- 
tion  of  the  intestine  by  E.  coli  strains 
from  both  human  and  animal  sources. 
She  reported  the  persistence  of  an  E.  coli 
infection  of  animal  origin  in  a  human 
volimteer  for  120  days  following  the  in¬ 
gestion  of  a  very  large  dose. 

Other  experimental  studies  (Refs.  3 
and  4)  confirm  that  temporary  coloniza¬ 
tion  (Kcurs  provided  a  large  dose  of  the 
organisms  Is  taken,  but  there  is  a  great 
deal  of  biological  variation  between  col¬ 
onization  for  different  strains  and  for 
different  human  individuals.  In  normal 
individuals  the  carriage  of  intestinal  E. 
coli  seems  to  follow  a  characteristic  pat¬ 
tern.  Each  persim  carries  one  or  two 
resid^t  strains  that  establish  themselves 
and  multiply  for  months  or  years.  In  ad¬ 
dition,  four  or  more  transient  strains  are 
present  for  a  few  days  or  weeks.  Strains 
disappear  and  are  replaced  by  others. 
Sometimes,  under  antibiotic  pressure,  a 
new  strain  suddenly  takes  over,  later  dis¬ 
appearing.  Strains  of  E.  coli  thus  differ 
in  their  ability  to  colonize  man.  Although 
some  strains  are  not  well  adapted  to  col¬ 
onize  man,  others  are  able  to  live  in  hu¬ 
man  as  well  as  in  animal  intestines.  The 
greater  the  diversity  of  R-plasmid-bear- 
ing  O-sero types  that  reach  the  consum¬ 
er,  the  greater  the  probability  that  one 
more  of  these  antibiotic -resistant  strains 
will  be  capable  of  colonizing  man. 

Recently,  Linton,  Howe,  Bennet,  et  al. 
(Ref.  5)  demonstrated  that  antibiotic- 
resistant  E.  coli  found  on  a  commercially 
prepared  chicken  carcass  colonized  the 
intestinal  tract  of  a  human  volunteer. 
Two  strains  present  on  the  chicken  car¬ 
cass  handled  and  eaten  by  the  human 
volunteer  were  subsequently  excreted  by 
her.  Both  strains  were  undetectable  in 
the  human  before  contact  with  the  chic¬ 
ken  carcass.  The  strains  were  shown  to  be 


identical  in  chicken  and  man  by  compar¬ 
ing  their  serotypes  (O,  K,  and  H  anti¬ 
gens)  and  R-plasmids.  The  plasmid  oom- 
pl«nent8  were  determined  to  be  Idaitlcal 
by  electrmi  microscopy  and  restriction 
endonuclease  patterns.  Restriction  en¬ 
donucleases  are  ^zsunes  that  cleave  DNA 
at  sijecific  sites.  Physiochemical  tech¬ 
niques  then  visualize  these  plasmid  frag¬ 
ments.  The  identity  of  these  plasmids 
can  be  determined  by  a  comparison  of 
the  DNA  fragments  generated  using  re¬ 
striction  enzymes  with  different  recog¬ 
nition  sequences.  The  Linton  study  also 
suggested  that  the  handling  of  the  un¬ 
cooked  carcass  provided  a  greater  oppor¬ 
tunity  for  transmission  than  does  eating 
cook^  meat.  Ihe  strains  persisted  for  10 
days  and  the  process  occurred  without 
feeding  any  antibiotics  to  the  volunteer 
during  the  study.  This  is  consistent  with 
reports  of  Salmonella  infections  from 
animal  sources. 
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(iii)  In  vivo  studies  show  that  R-plas¬ 
mids  transfer  from  E.  coli  to  pathogens: 
The  ingestion  of  R-plasmid-containing 
bacteria  can  result  in  in  vivo  R-plasmid 
transfer  to  the  normal  Intestinal  flora. 
Wh^  this  occurs,  the  E.  coli  constitute  a 
reservoir  of  organisms  capable  of  trans¬ 
ferring  R-plasmids  to  intestinal  patho¬ 
gens,  e.g..  Salmonella.  The  in  vivo  trans¬ 
fer  of  R-plasmlds  has  been  demiHistrated 
in  sheep,  mice,  calves,  pigs,  chickens, 
turkeys,  and  in  the  human  alimentary 
tract  (Refs.  1  through  8).  Generally,  in 
vivo  transfer  is  not  as  readily  detectable 
as  in  vitro  transfer.  In  the  absence  of 
drug  selection,  the  rate  of  in  vivo  R- 
f actor  transfer  is  generally  low,  and  large 
numbers  of  resistant  donors  may  be  re¬ 
quired  for  transfer  (Refs.  1  and  6) .  Dem- 
onstraticttis  of  in  vivo  transfer  have 
usually  been  achieved  by  first  modifying 
the  normal  flora  of  the  alimentary  tract 
by  feeding  antibiotics,  by  starvation,  or 
by  using  germ-free  mice  or  newly 
hatched  chicks,  and  these  procedures 
probably  counteract  the  inhibitory  ef¬ 
fects  of  bile  salts,  fatty  acids,  acid  pH, 
and  anaerobic  conditions  of  the  normal 
intestinal  tract. 


These  experimental  results  may  not  be 
a  true  indication  of  the  extent  of  R- 
plasmid  transfer  in  natural  pomilatums 
since  they  oft^  involre  individuals  who 
are  exposed  to  restricted  numbo^  and 
types  ^  donor  and  rectidmt  organisms. 
In  s(Hne  instances  the  methods  were  not 
suitable  fm*  the  detection_of  low  level 
transfer.  However,  Smith  and  Tucker 
(Ref.  9)  studied  the  effect  of  antibiotic 
therapy  on  the  fecal  excretion  of  Salmo¬ 
nella  by  experimentally  infected  chick¬ 
ens.  The  authors  found  that  R-plasmid 
resistance  developed  in  the  indigenous 
E.  coli  and  that  very  similar  resistance 
patterns  then  developed  in  the  Salmonel¬ 
la.  These  results  were  duplicated  in  some 
of  the  studies  submitted  by  the  Animal 
Health  Institute,  which  are  also  dis¬ 
cussed  in  depth  under  Part  IV.  B.  below. 

Regardless  of  the  frequency  with 
which  R-plasmid  transfer  occurs  in  the 
absence  of  modifying  influences.  It  has 
occurred  and  given  rise  to  antibiotic  re¬ 
sistance  in  bacteria,  including  pathogens. 
The  conditions  of  the  Smith  and  Tucker 
studies  mimic  those  brought  about  by 
the  practice  of  feeding  subtherapeutic 
levels  of  penicillin  and  other  antibiotics 
to  animals.  That  practice  leads  to  an  in¬ 
crease  in  and  section  for  R-plasmid- 
bearing  organisms,  and  It  therefore  in¬ 
creases  the  probability  of  in  vivo  R-plas¬ 
mid  transfer  to  pathogens. 
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(Iv)  R-plasmid  compatibility  studies: 
Another  FDA  study  (Ref.  1)  examined 
the  compatibility  properties  of  more 
than  100  R-plasmids  from  E.  coli  and 
Salmonella  isolated  from  animals  In  or- 
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der  to  determine  whether  the  plasmids 
are  related  to  those  isolated  frcKn  man. 
The  usual  method  of  genetically  classi¬ 
fying  plasmids  is  based  on  their  ability  to 
exist  with  each  other  in  the  same  bacter¬ 
ium.  Genetically  imrelated  plasmids  can 
exist  in  the  same  host,  and  they  are 
called  compatible.  On  the  other  hand, 
related  plasmids  cannot  coexist,  and 
they  are  called  incompatible.  Plasmids 
belonging  to  the  same  incompatability 
group  are  presumed  to  be  related. 

The  PDA  study  showed  that  the  R- 
plasmid  incompatibility  groups  seen  in 
animal  isolates  show  the  same  distribu¬ 
tion  as  those  found  in  human  isolates. 
This  suggests  that  human  and  animal 
bacterial  populations  contain  the  same 
plasmids. 

A  more  direct  apporach  for  examining 
the  relationships  between  plasmids  is  to 
measure  the  proportion  of  DNA  se¬ 
quences  (that  is,  the  number  of  similar 
or  Identical  genes)  that  are  common  to 
any  two  plasmids  (DNA-DNA  hybridiza¬ 
tion)  .  R-plasmids  belonging  to  the  same 
incompatibility  groups  of  human  and 
animal  origin  are  identical  when  exam¬ 
ined  by  DNA-DNA  hybridization  tech¬ 
niques  (Refs.  2  and  3) .  Restriction  endo¬ 
nuclease  activity  has  also  confirmed  the 
similarity  of  R-plasmids  isolated  from 
enteric  organisms  of  human  and  animal 
sources  (Ref  4) .  Therefore,  the  Director 
must  conclude  that  R-plasmids  of  hu¬ 
man  origin  are  Indistinguishable  from 
those  of  animal  origin. 
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(v)  Hazards:  Although  antibiotic-re¬ 
sistant  E.  coli  in  the  intestinal  tract  of 
humans  may  generally  cause  no  immedi¬ 
ate  problems  to  an  Individual,  under 
proper  circumstances  their  presence  may 
lead  to  dangerous  situations.  For  exam¬ 
ple,  E.  coli  is  the  most  common  cause  of 
urinary  tract  infections  in  man  and 
commonly  arises  from  a  person’s  own  in¬ 
testinal  flora.  While  sulfonamides  are 
generally  the  drug  of  choice,  a  signifi¬ 
cant  number  of  infections  with  sulfona¬ 
mide-resistant  strains  are  now  reported, 
necessitating  treatment  with  penicillin. 

Resistant  E.  coli  in  the  intestine  of 
man  also  constitute  a  reservoir  of  orga¬ 
nisms  capable  of  transferring  R-plasmids 
to  intestinal  pathogens.  Perhaps  the 
greatest  hazard  to  human  health  arising 
from  the  use  and  misuse  of  antibiotics  is 
the  large  reservoir  of  plasmid-mediated 
resistance  genes  in  the  normal  flora  of 
animals  and  man  and  present  in  the  en¬ 


vironment — resistance  that  can  be 
transferred  fnxn  nonpathogenic  to 
pathogenic  organisms. 

In  recent  years  the  emergence  of  R- 
plasmld-mediated  resistance  in  danger¬ 
ous  pathogens  has  been  identified  in 
epidemics  around  the  world.  A  strain  of 
Salmonella  typhi  carrying  an  R-plasmid- 
mediating  resistance  to  chloramphenicol 
caused  an  epidemic  of  typhoid  fever  in 
Mexico.  Transferable  chloramphenicol 
resistance  has  also  become  common  in 
S.  typhi  isolated  in  India,  Vietnam,  and 
Thailand  (Ref.  1) .  The  recent  epidemic 
of  drug-resistant  Shigella  dysenteria  in¬ 
fection  in  Central  America  (Ref.  2)  is 
another  example  of  an  epidemic  disease 
that  was  no  longer  susceptible  to  treat¬ 
ment  by  the  antibiotics  that  had  pre¬ 
viously  been  used  for  its  treatment. 
Plasmid-mediated  resistance  has  been 
reported  in  strains  of  Bordetella  bron- 
chiseptica  (Ref.  3).  and  FDA  scientists 
have  demonstrated  plasmid-mediated 
resistance  to  penicillin,  tetracycline, 
streptomycin,  and  sulfonamide  in  strains 
of  Pasteurella  mvltocida  and  P.  haemo- 
lytica,  both  of  which  cause  serious  dis¬ 
eases  in  animals  (Refs.  3  and  4) . 

Recent  studies  (Refs.  5  through  12) 
have  also  shown  that  the  genes  specify¬ 
ing  resistance  to  ampicillin,  tetracycline, 
kanamycin,  chloramphenicol,  trimetho¬ 
prim,  and  streptwnycln  reside  on  DNA 
sequences  that  are  able  to  translate  or 
move  from  plasmid  to  plasmid  as  a  dis¬ 
crete  unit,  or  fnxn  a  plasmid  to  the  bac¬ 
terial  chromosome.  Therefore,  in  addi¬ 
tion  to  movement  of  resistant  bacteria 
from  animals  to  man  and  the  transfer  of 
R-plasmids  between  bacteria,  the  genes 
that  reside  on  the  plasmids  can  them¬ 
selves  migrate  from  plasmid  to  plasmid 
by  translocation.  Furthermore,  an 
R-plasmld  does  not  have  to  be  main¬ 
tained  stably  within  a  cell  to  donate  its 
resistant  genes  to  a  recipient  chromo¬ 
some  or  an  indigenous  plasmid. 

Most  bacterial  species  possess  in¬ 
digenous  plasmid  gene  pools.  In  fact, 
plasmids  have  been  found  in  all  species 
of  bacteria  examined.  The  fimction  of 
these  plasmids  is  often  imknown,  but 
they  could  serve  as  effective  recipients  for 
the  insertion  of  translocatable  genes. 
The  rec«it  emergence  of  ampicillin- 
resistant  strains  of  Haemophilus  influ¬ 
enzae  and  penicillin-resistant  strains  of 
Neisseria  gonorrheas  represent  alarming 
examples  of  the  extension  of  the  R- 
plasmid  gene  pool  (Refs.  13  and  14) .  The 
res  istance  genes  found  in  both  species  are 
identical  to  those  previously  found  only 
in  E.  coli  and  other  enteric  organisms. 

The  World  Health  Organization  pro¬ 
phetically  warned  (Ref.  15) : 

The  point  will  ultimately  be  reached  at 
which  the  transfer  of  resistance  to  pathogens 
becomes  Inevitable  and  the  larger  the  pool, 
the  greater  is  this  possibility.  Moreover,  the 
wide  the  distribution  of  R+  (R-factor) 
enterobacteria  the  greater  the  possibility 
that  R-plasmids  may  emerge  that  can  cross 
biological  barriers  so  that  they  can  perhaps 
enter  bacterial  species  and  genera  ai^iarently 
widely  different  from  their  original  entero¬ 
bacterial  hosts. 
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4.  Director’s  conclusions.  The  holders 
of  the  approved  NADA’s  for  subthera- 
peutic  penicillin-containing  products 
were  required  to  show  that  the  subthera- 
peutic  use  of  penicillin  does  not  Increase 
drug  resistance  (increase  the  pool  of  R- 
plasmid-bearlng)  organisms  in  animals. 
If  they  were  unable  to  show  that  sub- 
therapeutic  penicillin  use  does  not  In¬ 
crease  the  pool  of  R-plasmid-bearlng  or¬ 
ganisms  in  animals,  the  holders  were 
then  required  to  show  that  the  R-plas- 
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mids  are  not  tranafmdale  from  animate 
to  man.  Ttiey  failed  to  do  any  of  this. 

Tile  evidence  shows  that  the  pool  of 
R-plasmld-bearin«:  organisms,  particu¬ 
larly  in  E.  coU,  is  Increasing,  and  that  the 
increase  is  due  at  least  in  part  to  the 
subtherapeutlc  use  of  penicillin  in  ani¬ 
mal  feed.  Further  evidence  shows  that 
E.  coU  contribute  their  R-plasmids  to 
man  through  his  direct  contact  with  ani¬ 
mate,  through  his  direct  contact  with 
E.  coU-contaminated  food,  and  by 
widespread  pireseace  of  the  R-plasmids 
in  bacteria  in  the  environment.  Studies 
also  show  that  there  is  no  strict  distinc¬ 
tion  between  the  E.  cdi  that  colonize 
animals  and  those  that  infect  man.  On 
the  contrary,  there  is  considerable  over¬ 
lap  in  these  strains,  and  there  is  also 
an  overls^  in  the  enteric  bacterial  R- 
plasmld  population  in  humans  and  ani¬ 
mate.  This  evidence  is  derived  from  epi¬ 
demiology  studies,  bactnial  izigestion 
studies,  and  compatibility  studies  of  the 
normal  Intestinal  flora  of  man  and  ani¬ 
mals.  These  bacteria  may  demate  their 
R-[dasmld  to  pathogens  in  man  and  ani¬ 
mals  even  when  transient,  and  the 
NADA  holders  have  submitted  no  evi¬ 
dence  on  the  degree  of  colonization,  if 
any,  that  is  necessary  for  this  transfer 
to  occur.  Accordingly,  the  Director  con¬ 
cludes  that  the  holders  of  the  t^provate 
for  the  subtherapeutlc  penicillin-con¬ 
taining  products  for  use  in  animal  feeds 
have  failed  to  satisfy  the  requirements  of 
§  558.15  and  criterion  1  of  this  notice. 

B.  Shedding  and  Resistance  Character¬ 
istics  of  Salmonella  {.Criterion  2) 

1.  Background.  A  sec(md  area  of  con¬ 
cern,  related  to  the  increase  in  the  pool 
of  R-plasmid-bearing  bacteria,  is  the 
possibility  that  the  sutrtherapeutic  use 
of  antibiotics  in  animal  feeds  may  lead 
to  an  increase  in  the  dura^n  or  quan¬ 
tity  of  live  Salmonella  excreted  by  the 
animal  receiving  the  drug(s) ,  which  will 
increase  c<mtaminati(xi  of  the  environ¬ 
ment  with  pathogens.  This  concern  was 
generated  in  part  by  reports  that  anti¬ 
biotic  therapy  in  human  salmonellosis 
patients  had  resulted  in  prolonged  Sal¬ 
monella  shedding  and  favored  the  ac- 
qulsiticm  of  resist^ice  in  Salmonella. 

Aserkoff  and  Beimett  (Ref.  below) ,  for 
example,  presented  data  on  the  effect  of 
antibiotic  therapy  on  the  excreti<m  of 
Salmonella  in  the  feces  of  hmmn  in¬ 
fected  with  acute  salmonellosis.  Flaw¬ 
ing  a  large  S.  typhimurium  epidemic 
caused  by  eating  contaminated  chicken, 
feces  of  untreated  patients  and  pati^ts 
treated  with  tetracycline,  ampicillin,  and 
chlorami^enlcol  were  examined  for  Sal¬ 
monella,  and  the  antibiotic  susceptibility 
of  the  S.  typhimurium  strains  was  deter¬ 
mined.  Patients  generally  received  the 
recommended  regimen  of  antibiotic 
therapy  ( 1  gram  per  day) .  Fecal  samples 
frcHn  87  patients  not  receiving  medica- 
tl(m  and  185  patients  treated  with  anti¬ 
biotics  were  examined.  Of  the  patients 
treated  with  antibiotics.  65  percent  were 
shedding  Salmonella  12  days  after  in- 
fectkxi,  and  27  peroait  were  positive  31 
days  after  Infectloii.  m  the  untreated 
patientB,  however.  Salmonella  shedding 


was  bbserved  In  42.5  percent  at  day  12 
and  11.5  percent  at  day  31. 

Antibiotic  therapy  also  favored  the  ac¬ 
quisition  of  drug  resistance  by  the  infect¬ 
ing  strain  of  Salmonella,  which  was  in¬ 
itially  susceptible  to  antibiotics.  Of  the 
patients  receiving  antibotlcs,  18  excreted 
resistant  Salmonella,  while  none  of  the 
87  \mtreated  patients  excreted  resistant 
Salmonella  (P<.05).  The  antibiotic  re¬ 
sistance  acquired  in  the  Salmonella 
strain  was  shown  to  be  transferable.  Be¬ 
cause  antibiotic  treatment  increased 
shedding  in  human  salmonellosis,  FDA 
became  concerned  that  subtherapeutlc 
antibiotic,  penecillin)  administration  in 
animal  fee^  would  prolong  Salmonella 
shedding  in  animals,  and  for  this  reason 
the  agency  established  criterion  2. 

Beferencx 
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2.  Criterion — (a)  Shedding.  Controlled 
studies  were  to  be  designed  to  determine 
whether  the  administration  of  an  anti¬ 
bacterial  drug  at  subtherapeutlc  levels 
would  result  in  an  increase  in  the  relative 
quantity,  prevalence,  or  duration  of 
shedding  of  Salmonella  that  are  patho- 
gois  in  animals.  Salmonella  are  often 
found  in  the  intestinal  tract  of  man  and 
animate,  and  the  small  intestine  and 
colon  are  the  primary  sites  of  multipli¬ 
cation.  After  penetrating  the  epitiielial 
lining,  they  multiply  and  elicit  an  in¬ 
flammatory  response.  Most  Salmonella 
infections  are  limited  to  the  gastroin¬ 
testinal  tract,  producing  the  clinical 
S3rmptom  termed  “gastroenteritis.”  One 
of  the  more  common  strains.  Salmonella 
typhimurium.  causes  diseases  in  both 
man  and  animate. 

When  an  animal  is  Infected  with  these 
bacteria,  the  live  organisms  are  excreted 
in  the  feces  (“shedding”) .  The  quantity 
of  Salmonella  in  the  feces  can  be  deter¬ 
mined  by  a  bacteriological  procedure 
termed  a  “standard  plate  count.”  A  spe- 
eifle  amount  of  fecal  material  is  diluted 
and  spread  on  a  semisolid  bacterial 
growth  medium  which  is  selective  for  the 
growth  of  Salmonella.  After  a  sufficient 
time  for  growth,  individual  colonies  are 
counted  and  recorded  as  the  number  of 


Groups  A  and  B  were  used  to  de¬ 
termine  the  influence  of  penicillin  or 
penicUlin-streptomycin  on  shedding 
after  experimental  infection  and  the  de¬ 
velopment  of  drug  resistance  by  Sal¬ 
monella  and  E.  coU,  with  group  A  serv¬ 
ing  as  a  nonmedicated  control  group. 
Groups  C  and  D  were  controls  used  to 


Salmonella  per  gram  of  wet  feces.  The 
m-oportion  of  antibiotic  resistant  Salmo¬ 
nella  in  fecal  specimens  is  Independent 
of  the  quantity  of  Salmonella  shed. 

(b)  Resistance  characteristics.  Con¬ 
trolled  studies  were  to  bedesigned  to  de¬ 
termine  whether  the  administration  of 
penicillin  at  subtherapeutlc  levels  wovild 
result  in  an  increase  in  the  proportion  of 
antibiotic  resistant  Salmonella.  Salmo¬ 
nella  isolated  from  feces  can  be  tested 
for  their  susceptibility  to  various  anti¬ 
biotic  drugs.  Escherichia  coli,  a  normal 
component  of  the  intestinal  flora,  were 
also  to  be  examined  to  determine  their 
resistance  spectrum  sinffice  oral  admin¬ 
istration  of  certain  antibiotics,  whether 
at  therapeutic  or  subtherapeutlc  levels, 
has  been  shown  to  result  in  an  increased 
proportion  of  indigenous  E.  coll  that 
contains  R-plasmids.  These  E.  coli  can 
serve  as  a  reservoir  of  R-plasmlds  that 
can  be  transferable  to  other  E.  coli  or  to 
Salmonella. 

3.  AHI  Studies  on  the  Effects  of  Sub- 
therapeutic  Levels  of  Penicillin  in  Animal 
Feed  in  Chickens.  On  b^alf  of  the 
NADA  holders,  the  Animal  Health  Insti¬ 
tute  submitted  the  following  study  to  ad¬ 
dress  the  criterion. 

(a)  Experimental  design.  The  Animal 
Health  Institute  submitted  an  experi¬ 
ment  in  which  the  effects  oA  subthera- 
peutic  levds  of  procaine  penicillin  (with 
or  without  streptomycin)  in  feed  were 
investigated.  The  duration,  quantity  and 
antibiotic  susceptibility  of  a  Salmonella 
strain  inoculated  into  chickens  were 
compared  in  medicated  and  nonmedi¬ 
cated  chickens. 

Also.  FDA  specifled  that  prestudy 
(baseline)  E.  coli  anttoiotic  resistance 
levels  should  be  under  20  percent.  This 
value  was  thought  to  provide  a  rea¬ 
sonable  level  for  detecting  any  change 
in  the  amount  of  antibiotic  resistance 
resulting  from  administration  of  sub- 
therapeutic  antibiotic  levels  since,  if  the 
initial  R-plasmld  level  is  too  high,  a  small 
change  in  resistance  is  difficult  to  de¬ 
tect. 

While  others  served  as  raivironmental 
controls,  1 -day-old  chicks  were  divided 
into  six  groups,  artiflciaJly  infected  with 
Salmonella.  Each  group  received  medi¬ 
cated  or  nonmedicated  diet,  according 
to  the  following  plan: 


monitor  the  environment,  and  the  effects 
of  the  drugs  in  the  absence  of  experi¬ 
mental  infectiem.  To  assiue  the  absence 
of  naturally  occurring  Salmonella  prior 
to  the  study,  the  sp(msors  examined  pre¬ 
study  fecal  samples.  The  samples  were 
grown  in  a  selective  media,  brilliant  green 
agar,  and  serotyping  was  also  done.  By 


Room 

Group 

Inoculation  of 
salmonella 

Antibiotics  and  levels  used  In  feed 

Number  ol 
chickens  fn 
experimeDtal 
group 

1 

A 

Yes _ 

None  _  . 

10 

3 

B> 

Yes. 

Procaine  penicillin  .W  „ 

10 

B« 

Yes. . . 

Procaine  penicillin  12.5  g/ton,  streptomycin  37Ji  eAon _ 

10 

s 

C 

No*.  ...  .. 

None.  .  _  ... 

5 

D> 

No  > . 

Procaine  penicillin  .SO  g/tnn 

5 

D> 

Noi._  . 

Procain^penicillin  12.5  g/ton,  streptomycin  37A  g/ton _ 

5 

I  Envlronmsntal  controls. 
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this  procedure,  the  birds  were  determined 
to  be  negative  for  Salmonella  before  the 
experiment  began,  and  any  bacteria  sus¬ 
pected  were  further  tested  biochemically 
and  serologically. 

The  infecting  Salmonella  (S.  typhi- 
murium  289-1,  a  poultry  strain,  chromo- 
somally  resistant  to  nalidixic  acid  and 
sulfonamides)  was  given  by  oral  gavage. 
Fecal  specimens  from  each  chicken  were 
diluted  in  phosphate  buffered  saline  and 
appropriate  dilutions  were  spread  on 
growth  medium  selective  for  the  nalidixic 
acid-resistant  S.  typhimurium  used  to 
infect  the  birds.  The  number  of  Salmon¬ 
ella  growing  on  the  medium  was  re¬ 
corded  as  the  number  of  S.  typhimurium 
per  gram  of  wet  feces. 

Presumptive  E.  coli  isolates  were  ob¬ 
tained  from  EMB  plates  inoculated  with 
diluted  fecal  material.  The  antibiotic  re¬ 
sistance  spectrum  for  E.  coli  isolates  was 
also  measured  in  accordance  with  the 
Standardized  Disc  Susceptibility  Test  set 
forth  in  §460.1(0  (2)  (21  CPR  460.1(c) 
(2))  for  ampicillin,  tetracycline,  chlor¬ 
amphenicol,  kitnamycin,  nitrofurantoin, 
streptomycin,  sulfathiazole,  and  triple 
sulfa.  The  E.  coli  isolates  were  tested  only 
twice  prior  to  infections  and  once  at  the 
termination  of  the  study  (28  days) ,  while 
the  Salmonella  isolates  were  tested  nine 
times  during  the  study. 

Salmonella  isolates  were  selected  from 
the  selective  medium,  brilliant  green 
agar  plates  containing  nalidixic  acid,  and 
w'ere  serotyped.  Antibacterial  suscepti¬ 
bility  tests  for  ampicillin,  tetracycline, 
chloramphenicol,  kanamycin,  nitrofu¬ 
rantoin,  streptomycin,  sulfathiazole,  and 
triple  sulfa  were  carried  out  in  accord¬ 
ance  with  the  Standardized  Disc  Suscep¬ 
tibility  Test  in  §  460.1(c)  (2) .  The  isolates 
w'ere  tested  on  days  2,  4,  6,  8,  10,  13,  14, 
21,  and  28  of  the  experiment. 

Clinical  records  w^ere  maintained  on 
body  weights,  disease  symptoms,  mortal¬ 
ity,  and  gross  and  microscopic  pathology. 

(b)  AHI’s  summary  of  the  results,  (i) 
Shedding:  Initially,  on  day  2,  group  Bi 
(penicillin  50  grams/ton)  shed  a  geo¬ 
metric  mean  niunber  of  10°  Salmonella 
per  grram  of  feces;  and  during  the  re¬ 
mainder  of  the  study,  the  geometric 
mean  shed  by  the  group  decreased  stead¬ 
ily.  At  the  end  of  the  study,  the  number 
shed  was  below  the  reliable  limit  of  quan¬ 
titation,  less  than  10*  organisms  per 
gram  of  feces.  Group  A,  the  nonmedi- 
cated  control  group,  on  the  other  hand, 
shed  10’  organisms  on  day  2,  and  con¬ 
tinued  to  shed  a  greater  number  of  or¬ 
ganisms  than  the  treatment  group  (P< 
.05)  throughout  the  remainder  of  the 
study.  None  of  the  environmental  con¬ 
trol  groups,  groups  C  and  D„-  shed  de¬ 
tectable  amounts  of  Salmonella. 

The  prevalence  of  S.  typhimurium  was 
estimated  by  comparing  the  fraction  of 
Salmonella  positive  fecal  samples  in  the 
penicillin  treatment  group  (group  B,)  to 
that  for  the  nonmedicated  control  group 
(group  A)  from  all  samplings.  Th\is,  69 
out  of  90  specimens  (77  percent)  ex¬ 
amined  from  nonmedicated  (control) 
animals  were  positive  for  S.  typhimu¬ 
rium,  while  only  36  of  81  specimens  (41 
percent)  in  the  penicillin  treatment 


group  were  positive  for  S,  typhimurium. 
The  results  represent  statistically  slgnif  • 
leant  differences  (P<.01)  between  the 
incidence  of  Salmonella  positive  samples 
in  the  treatment  group  and  In  the  non¬ 
medicated  control  group- 
Duration  of  shedding  was  measured  by 
determining  the  length  of  time  that  fecal 
samples  were  positive  for  Salmonella,  or 
analyzing  the  time  required  for  quanti¬ 
ties  of  Salmonella  shed  to  reach  a  com¬ 
mon  value.  At  least  three  nonmedicated 
birds  shed  Salmonella  In  their  feces 
throughout  the  experiment,  and  four 
were  positive  28  days  after  infection.  In 
contrast,  by  day  12,  only  one  bird  receiv¬ 
ing  penicillin  was  positive,  and  none  were 
positive  on  day  28.  The  length  of  time 
positive  coimts  persisted  was  signifi¬ 
cantly  longer  (P=.05)  in  nonmedicated 
controls  than  for  the  penicillin-treated 
group. 

Liver,  spleen,  and  cecal  tissues  from  all 
animals  were  necropsied,  and  samples 
tested  for  Salmonella.  All  tissues  were 
negative. 

The  AHI  concluded  that  feeding  a  diet 
containing  a  subtherapeutic  level  (50 
grams/ton)  of  penicillin  to  chickens  that 
were  experimentally  infected  with  S. 
typhimurim  did  not  increase  the  quan¬ 
tity,  shedding,  or  prevalence  of  Sal¬ 
monella  in  fecal  specimens,  nor  did  it 
increase  the  quantity  of  Salmonella  iso¬ 
lated  from  liver,  spleen,  or  cecal  tissue. 
In  the  opinion  of  the  AHI,  the  evidence 
from  this  study  suggests  that  subthera¬ 
peutic  use  of  pencillin  in  chickens  re¬ 
duced  the  quantity,  shedding,  and  preva¬ 
lence  of  Salmonella. 

(ii)  Resistance  characteristics:  (a)  E. 
coli.  According  to  the  two  pretreatment 
.samples,  the  proportion  of  E.  coli  iso¬ 
lates  that  were  drug  resistant  was  low 
(below  6  percent),  except  for  resistance 
to  sulfonamides  which  was  greater  than 
85  percent.  But  at  the  experiment’s  end, 
AHI  foimd  that  the  resistance  to  ampi¬ 
cillin,  chloramphenicol,  kanamycin,  and 
nitrofurantoin  was  significantly  higher 
(P<.01)  in  the  penicillin  environmental 
control  groups  (D,)  than  the  control 
birds  (C) .  Ampicillin  resistance  also  sig¬ 
nificantly  increased  in  the  Infected  birds 
that  received  penicillin.  Resistance  to 
sulfonamides  remained  at  the  pretreat¬ 
ment  level  of  greater  than  85  percent, 
although  the  figure  in  the  environmental 
control  groups  decreased. 

(b)  Salmonella.  Prior  to  inoculating 
the  birds,  the  infecting  strain  of  S.  typhi¬ 
murium  was  resistant  only  to  sulfona¬ 
mides  and  nalidixic  acid,  the  nontrans- 
ferable  marker.  S.  typhimurium  strains 
showed  a  significant  increase  in  ampicil¬ 
lin  resistance  on  days  12  (P  <  .01)  and 
14  (P  <  .05).  No  other  significant  in¬ 
creases  were  observed  for  the  other  anti¬ 
microbials  in  the  test. 

The  AHI  then  concluded  that  the  pen¬ 
icillin  supplemented  diets  significantly 
increased  the  percentage  of  E.  coli  that 
were  resistant  to  ampicillin.  In  the  Sal¬ 
monella,  the  AHI  found  no  significant 
difference  in  drug-resistant  Isolates  when 
all  the  chickens  in  the  trial  were  con¬ 
sidered.  But  among  the  animals  shedding 
Salmonella,  i.e.,  the  medicated  groups. 


the  nonmedicated  control,  the  birds  ex¬ 
posed  to  subtherapeutic  antibiotic  pres¬ 
sure  (both  penicillin  and  penicillin- 
streptomycin),  a  significantly  greater 
proportion  shed  Salmonella  that  were  re¬ 
sistant  to  ampicillin  than  in  the  nonmed¬ 
icated  groups. 

(c)  The  Director’s  analysis,  (i)  Shed¬ 
ding:  (a)  The  Director  does  not  disagree 
with  some  conclusions  drawn  by  AHI 
about  this  study.  Feeding  a  subtherapeu¬ 
tic  level  of  penicillin  did  not  apparently 
increase  the  quantity  of  Salmonella  shed 
in  fecal  material;  it  did  not  appear  to 
increase  the  numl^r  of  Salmonella  in  liv¬ 
er,  spleen,  and  cecal  tissue;  and  it  did  not 
increase  the  number  of  positive  chicken 
tissues. 

The  Director,  however,  disagrees  with 
the  conclusion  of  AHI  that  feeding  pen¬ 
icillin  at  50  grams/ton  did  not  increase 
the  duration  or  prevalence  of  Sahnonella 
shedding  because  the  procedures  that 
were  used  to  determine  these  parameters 
were  inadequate.  The  information  neces¬ 
sary  to  determine  Salmonella  duration 
and  prevalence  is  whether  Salmonella 
are  present  in  the  feces,  not  the  quantity 
of  Salmonella  in  the  feces.  After  the 
animals  were  infected  with  Salmonella 
in  this  experiment,  fecal  specimens  were 
processed  by  diluting  them  and  then  plat¬ 
ing  on  the  smface  of  agar  plates.  Clones 
growing  on  the  plates  were  subsequently 
counted  to  provide  information  on  niun¬ 
ber  of  Salmonella  per  gram  of  feces.  As 
the  study  progressed,  however,  the  num¬ 
ber  of  Salmonella  shed  decreased  in  both 
groups,  and  this  procedure  is  inadequate¬ 
ly  sensitive  to  detect  small  numbers  of 
Salmonella.  Good  microbiological  prac¬ 
tice  requires  the  use  of  an  enrichment 
procedure  for  culturing.  An  enrichment 
procedure  involves  the  incubation  of  a 
fecal  sample  in  a  selective  broth  to  in¬ 
crease  the  number  of  Salmonella  before 
plating  on  the  agar.  This  increases  the 
likelihood  that  Salmonella  will  be  de¬ 
tected  because  other  genera  are  being 
simultaneously  Inhibited.  The  enrich¬ 
ment  procedure  is  recommended  for  ex¬ 
amination  of  fecal  specimens  where 
small  numbers  of  Salmonella  may  be 
present,  as  in  the  case  of  subjects  in  the 
carrier  state.  In  its  section  about  process¬ 
ing  of  specimens  from  the  bacterial  fam¬ 
ily,  Ehterobacteriaceae  (Salmonella  is  a 
member  of  this  family),  the  “Manual  of 
Clinical  Microbiology,”  2d  edition, 
American  Society  for  Microbiology, 
Washington,  D.G.,  p.  194  (1974)  is  clear: 

It  always  Is  advisable  to  employ  enrich¬ 
ment  media  In  the  examination  of  various 
kinds  of  specimens,  and  their  use  Is  practical¬ 
ly  essential  when  dealing  with  fecal  speci¬ 
mens  from  carriers  of  suspected  carriers. 

In  an  PDA  experiment,  the  agency 
studlesd  Salmonella  shedding  by  swine 
(Ref.  below) .  Through  careful  study,  28 
percent  more  samples  (136  rather  than 
94  from  the  151  examined)  were  deter¬ 
mined  to  be  Salmonella  positive  when 
an  enrichment  procedure  was  used.  In 
another  similar  study  by  FDA,  95  per¬ 
cent  rather  than  60  peremt  of  242 
RnmpteR  were  found  Salmonella  positive 
by  media  enrichment.  Enrichment  pro¬ 
cedures  had  been  requested  by  FDA 
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during  the  protocol  development  stage; 
thus,  the  AHI  determination  of  preva¬ 
lence  and  duration  for  this  study  was 
considered  inadequate. 

Reference 

Rollins,  L.  D.,  FDA  Project  108. 

(b)  The  shedding  study  was  con¬ 
ducted  in  three  rooms.  The  chickens  that 
were  experimentally  infected  with  S. 
typhimurium  were  maintained  in  two 
separate  rooms,  and  the  third  room 
housed  the  noninfected  environmental 
control  animals.  In  one  of  the  rooms  con¬ 
taining  Infected  birds,  the  chickens  re¬ 
ceived  only  nonmedicated  feed.  How¬ 
ever,  all  birds  that  were  infected  with 
Salmonella  and  receiving  medication 
were  placed  in  the  same  ro<Hn.  These 
birds  received  one  of  three  different 
medicated  diets,  either  penicillin,  peni¬ 
cillin  plus  streptomycin,  or  sulfaquinox- 
allne.  Although  the  chickens  were  main¬ 
tained  in  separate  cages  within  the  same 
room,  no  birds  were  placed  in  this  room 
to  determine  if  bacteria  from  one  study 
group  were  flowing  to  another  study 
group  within  the  room  (environmental 
control) .  The  rise  in  levels  of  resistance 
to  antibiotics  in  noninfected,  nonmedi¬ 
cated  group  A,  as  well  as  in  the  anti¬ 
biotic-treated  groups  Bi  and  B:,  sug¬ 
gests  that  some  cross-contamination 
might  have  occurred  or  that  contamina¬ 
tion  from  the  'environment  might  have 
occm-red.  Such  contamination  of  con¬ 
trol  groups  makes  it  more  difficult  to 
detect  differences  in  the.  increase  of  drug 
resistance  between  the  experimental  and 
ccmtrol  animals. 

An  FDA-sponsored  contract  (71-269) 
showed  the  relative  ease  by  which  cross- 
contamination  occurs  between  various 
study  groups.  These  groups  were  under 
similar  or  more  adequate  isolation  con¬ 
ditions  than  the  chickens  in  the  AHI 
study. 

Nevertheless,  analysis  of  drug  resist¬ 
ance  data  obtained  from*  bacteria  iso¬ 
lated  from  the  various  groups  main¬ 
tained  in  Room  2  of  the  AHI  study  indi¬ 
cates  there  are  differences  in  drug  re¬ 
sistance  between  groups.^  This  suggests 
that  when  R-plasmlds  are  present,  re¬ 
gardless  of  their  somce,  they  may  be 
transferred  even  in  the  absence  of  anti¬ 
biotic  pressure. 

(c)  When  the  shedding  studies  were 
initially  requested,  the  optimum  dura¬ 
tion  of  such  studies  was  unknown,  al¬ 
though  the  28-day  duration  fq>peared 
adequate.  Data  later  generated  under 
PDA  sponsorship  (ccmtract  71-269) 
show  that  shedding  patterns  change 
after  30  to  50  days,  longer  than  the 
length  of  the  28-day  AHI  experiment. 
Some  studies  have  shown  Salmonella 
shedding  to  be  decreasing  in  both  medi¬ 
cated  and  nonmedicated  groups  early  in 
the  experiment,  with  the  shedding  ini¬ 
tially  decreasing  faster  in  the  medicated 
group.  In  several  of  these  experiments, 
approximately  55  days  after  initiating 
the  experiment,  the  Salmonella  shedding 
patterns  reversed  and  shedding  in  the 
medicated  birds  increased,  while  shed¬ 
ding  in  the  nonmedicated  birds  remained 
constant  or  continued  to  decresuse.  In  the 


Director’s  opinion,  the  phenomenon  is 
easily  explained.  Initially,  the  anti¬ 
biotic  attacks  sensitive  organisms  and  as 
these  predominate,  little  shedding  is  ob¬ 
served.  But,  as  the  antibiotic-resistant 
organisms  remain  and  becmne  dominant 
in  the  population,  shedding  increases. 

(d)  The  28-day  duration  of  the 
chicken  studies  should  also  be  considered 
in  relation  to  the  life  of  a  commercial 
broiler  chicken,  usually  about  7  to  8 
weeks.  Although  some  changes  in  shed¬ 
ding  pattern  occurred  beyond  6  weeks, 
in  normal  commercial  production,  groups 
of  broilers  are  raised  continuously  with 
one  group  immediately  following  another. 
The  production  facilities  may  be  cleaned 
between  groups;  however,  the  faciliUes 
are  not  sterilized.  Bacteria  left  from  a 
preceding  group  of  birds  are  available  to 
infect  the  birds  that  follow,  and  some  of 
the  micrbblolcglcal  changes  that  occur 
may  be  perpetuated  in  subsequent  birds. 
Thus,  if  an  antibiotic  is  used  in  the  feed 
of  each  group  of  birds,  it  would  have  an 
opportunity  to  act  over  a  long  period  of 
time.  For  these  reasons,  the  Director  now 
believes  it  is  necessary  to  use  an  experi¬ 
mental  design  that  allows  sufficient  eval¬ 
uation  of  the  effect  of  time  of  antibiotic 
usage  on  shedding. 

(il)  Resistance  characteristics:  (a) 
E.  coli.  A  major  concern  about  occiu*- 
rence  of  drug  resistance  in  E.  coli  that 
are  indigenous  to  the  digestive  tract  is 
their  potential  for  donating  drug  resist¬ 
ance  to  pathogens  such  as  Salmonella. 
The  Director  agrees  with  the  AHI  anal¬ 
ysis  that  feeding  chickens  the  penicillin 
supplemented  diet  significantly  increased 
(P<.05)  the  number  of  E.  coU  isolates 
that  were  resistant  to  ampicillin.  But 
other  aspects  of  the  drug  resistance 
characteristics  of  E.  coli  are  also  critical 
to  an  appropriate  analysis  of  the  data. 
Although  the  proportion  of  E.  coli  re¬ 
sistant  to  sidfonamldes  was  high  in  all 
the  groups  before  treatment  and  before 
inoculating  the  chickens  with  Salmo¬ 
nella,  the  bacteria  were  relatively  sus¬ 
ceptible  to  the  other  antibiotics  tested. 
Results  from  (me  sample  collected  from 
each  bird  after  penicillin  treatment  and 
inoculation  with  S.  typhimurium,  how- 


(i)  Shedding:  Groups  Bi  and  Bi  wwe 
used  to  test  the  influence  of  penicillin  on 
shedding  and  resistance  of  Salmonella 
in  the  test  animals,  with  group  A  serving 
as  a  nonmedicated  control  group.  Groups 
C,  Di  and  Dj  were  used  as  environmental 
(x>ntrols  to  monitor  whether  swine  ad¬ 
ministered  the  drug  but  not  inoculated 
remained  Salmonella  free. 

Orally  via  the  diet,  6-week-old  pigs 
were  experimentally  Infected  with  an  in¬ 
oculation  of  1.3  X  10^  Salmonella,  5  dasrs 
after  beginning  their  test  diet.  Preinfec- 


ever,  indicate  that  the  proportion  of  E. 
coli  resistant  to  streptomycin  and  tetra¬ 
cycline  increased  in  all  groups— envi- 
ronm^tal  controls,  nonmedicated  con¬ 
trols,  and  treatment  groups.  This  sug¬ 
gests  bacteria  that  were  resistant 'to 
tetracycline,  streptomycin,  and  perhaps 
sulfonamides  (x>lonized  the  animals  in 
the  experimental  facility. 

(b)  Salmonella.  Although  the  total 
quantity  of  Salmonella  shed  decreased, 
the  percentage  of  drug-resistant  Salmo¬ 
nella  shed  increased,  which  is  crucial. 
For  birds  that  were  shedding  Salmonella, 
feeding  penicillin  resulted  in  a  signifi¬ 
cantly  greater  prop(»tion  of  Salmonella 
resistant  to  ampicillin  (P<. 05), 'Which 
is  consistent  with  the  AHI  anah'sis.  The 
Director  agrees  with  AHI  that  feeding 
subtherapeutic  penicillin  resulted  in  a 
significant  increase  in  both  the  propor¬ 
tion  of  ampicillin-resistant  E.  coli  and 
Salmonella. 

For  all  of  the  foregoing  reasons,  the 
Director  concludes  that  the  study  has 
failed  to  prove  that  the  subtherapeutic 
use  of  penicillin  in  chickens  satisfles  the 
criterion  and  has  failed  to  show  that 
such  use  is  safe. 

4.  AHI  Studies  on  the  Effects  of  Sub- 
therapeutic  Penicillin  in  Animal  Feed  in 
Swine — (a)  Experimental  design.  To 
measure  Salmcmella  shedding  in  swine 
and  the  transfer  of  drug  resistance  to 
Salmonella,  AHI  submitted  a  study  that 
was  similar  in  design  to  the  previously 
described  chicken  study.  This  study  was 
also  subject  to  the  same  experimental 
conditions  that  FDA  imposed  on  the 
chicken  study,  i.e.,  the  base  line  inci¬ 
dence  of  resistance  to  drugs  used  in  hu¬ 
man  clinical  medicine  in  the  indigenous 
flora  of  the  test  animals  was  not  to  ex¬ 
ceed  20  percent. 

Swine  were  divided  into  six  groups, 
three  of  which  were  infected  with  Strain 
No.  58  DO  13C  Salmonella  typhimurium 
(swine)  characterized  as  sulfonamide  re¬ 
sistant.  One  noninfected  and  (xie  in¬ 
fected  group  received  diets  containing 
either  no  medication,  procaine  penicillin, 
or  procaine  penicillin  plus  streptomycin 
according  to  the  following  design: 


tion  fecal  specimens  were  free  of  natur¬ 
ally  (XKivuTing  Salmonella  for  all  test 
apimals.  For  all  pigs  in  each  group,  fecal 
samples  were  taken  on  days  2,  4,  6,  8, 10, 
12, 14,  21,  and  28  postinfection  to  quanti¬ 
tate  the  Salmon^a.  One-gram  samples 
of  fecal  specimens  from  each  test  animal 
were  diluted  in  phosphate-saline  solu¬ 
tion  and  plated  in  duplicate  on  brillimit 
gre^  agar  containing  0  and  20  micro- 
grams/mUliliter  of  streptomycin.  After 
incubation,  characteristic  clones  of  Sal¬ 
monella  were  recorded  as  total  counts/ 


Room 

number 


Group 


Antibiotic  and  level  used  in  feed 


Inoculation  of  Number  of 
salmonella  pin  in 
(1.3X10«  dose)  experimental 
group 


1  A  None _ _  Yes.. 

2  B'  Procaine  penicillin  (50  g/ton) _ _ _ _ _ .Yes. 

B»  Prooalne  penicillin  (12.5  g/ton) ,  streptomycin(37.5  gAon) Yes. 

3  C  .  None . . . .  No  .. 

1)'  Procaine  penicillin  (50 g/ton) _ _ _ No... 

D*  Procaine  penicillin  (12.5 g/ton),  streptomycin  (37.5  g/ton)...  No... 
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gram  of  wet  feces.  All  pigs  were  killed 
and  necropsled  28  days  after  the  Infec¬ 
tion. 

One-gram  samples  of  aseptieally  col¬ 
lected  liver,  i«)leen,  ileocecal  lynii^  node, 
and  cecum  minced  and  incubated  tn 
tetrathlonate  Ixlllant  green  broth,  and 
subsequently  plated  on  IxIlUant  green 
agar  to  determine  the  presence  of  Sal¬ 
monella.  Clinical  records  were  main¬ 
tained  on  body  weights,  mortality,  and 
gross  and  microscopic  pathcdogy. 

(ii)  Resistance  characteristics:  (a)  E. 
coli.  Colifcum  counts  were  obtained  frwn 
TCMR  plates  inoculated  with  hmnogenized 
fecal  samples.  One  gram  each  sample 
was  plated  in  duplicate  on  EMB  agar 
containing  0  and  20  milligrams/millili¬ 
ter  ot  streptomycin.  Antibiotic  suscepti¬ 
bility  tests  were  conducted  on  clones  ob¬ 
tained  from  two  prestudy  samples  and 
one  poststudy  sample  frmn  each  animal 
in  accordance  with  the  Standardized  Disc 
Susceptibility  Tests  in  §  460.1(c)  (2) .  Rve 
cones  from  each  specimen  were  selected 
from  the  streptomycin  plates  and  were 
tested  for  susceptibility  to  ampicillin, 
tetracycline,  chlorami^enical,  strepto¬ 
mycin,  kanamycin  sulfate,  nitrofuran¬ 
toin,  and  sulfathiazole. 

(b)  SalmoneUa.  Five  clones  of  Sal¬ 
monella  selected  from  the  brilliant 
green  fecal  coimt  plates  were  tested  for 
antibacterial  susceptibility  to  ampicillin, 
tetracycline,  chloramphenicol,  strepto¬ 
mycin,  kanamycin  sulfate,  and  nitrofu¬ 
rantoin,  sulfathiazole,  and  triple  sulfa, 
in  accordance  with  the  Standardized  Disc 
Susceptibility  Test  in  §460.1(0(2). 
When  there  were  less  than  five  clones  of 
SalmoneUa,  the  number  of  clones  picked 
corresponded  to  the  actual  number  pres¬ 
ent  on  the  plates. 

(b)  AHVs  summary  of  the  results,  (i) 
Shedding:  AHI  reported  that  the  num¬ 
ber  of  SalmoneUa  receovered  per  gram 
of  wet  feces  diminished  with  time  in  all 
groups,  and  the  number  od  orgranisms  re¬ 
covered  from  the  medicated  groups  after 
day  2  was  consistently  less  than  the 
numbers  recovered  from  the  nonmedl- 
cated  control  group.  These  numbers 
represent  average  counts  of  clones  grow¬ 
ing  on  agar  that  did  not  contain  strep¬ 
tomycin  since  no  Salmonella  grew  on 
plates  containing .  streptomycin.  No 
Salmonella  were  isolated  throughout  the 
exp«iment  from  any  of  the  environ¬ 
mental  control  animal  (Groups  C,  Di. 
and  D,).  From  this  the  AHI  concluded 
that  the  presence  of  antibacterials  in 
animal  fe^  reduces  the  quality  and  per¬ 
sistence  of  S.  typhimurium  in  experimen¬ 
tally  infected  pigs. 

(ii)  Resistance  characteristics:  fa) 
E.  coli.  AHI  concluded  that  penicillin 
supplemented  diets  significantly  in¬ 
creased  (P<.01)  the  number  of  E.  coli. 
resistant  to  chloramphenicol.  Similarly, 
penicillin/streptomycin  supplemented 
diets  significantly  increased  (P<.05)  the 
number  of  E.  coli.  resistant  to  strepto¬ 
mycin. 

<b)  Salmonella.  When  the  experimen¬ 
tally  infected  pigs  in  the  medicated 
groups  were  compared  to  the  nonmedi- 
cated  control  group,  AHI  cfmcluded  that 
feeding  penicillin  or  penicillin/strep- 
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tomycln  »t  subthmpeutlc  levels  did  not 
iHcreaee  ttie  perecnt  of  carrytaig  re- 
iiilalMit  Mmowefto.  It  also  concluded 
that  there  were  no  algidflcant  differences 
In  the  pmentage  of  resistant  clones 
Isolated  firom  pigs  in  the  penlelllin  group 
and  the  eontrcrf  group  when  all  the  iHgs 
were  considered  (nmmedicated  contrcds, 
environmental  controls,  and  treatmmt 
groups). 

(c)  Director’s  analysis.  (1)  Shedding: 
The  Director  again  does  not  totally  dis¬ 
agree  with  AHI’s  conclusions  concerning 
SalmoneUa  shedding  in  swine.  He  agrees 
that.  In  this  case,  feeding  a  subthera- 
peutlc  level  of  penicillin  apparently 
neither  increased  the  quantity  of  Sal¬ 
monella  being  shed  in  the  pig’s  fecal 
material,  nor  Increased  the  number  of 
SalmoneUa  in  liver,  spleen.  Ileocecal 
lymph  node  and  ceciun.  Feeding  peni¬ 
cillin  also  did  not  Increase  the  number 
of  swine  tissues  (liver,  spleen,  Ileocecal 
lymph  node  and  cecum)  that  were  posi¬ 
tive  for  SalmoneUa.  However,  the  Direc¬ 
tor  disagrees  with  the  AHI  conclusion 
that  feeding  swine  penicillin  at  50 
grams/ton  did  not  increase  the  duraticm 
or  prevalence  of  SalmoneUa  sheeding, 
because  the  procedures  that  were  used  to 
determine  these  parameters  were  Inade¬ 
quate.  The  information  necessary  to  de¬ 
termine  duration  and  prevalence  of  Sal¬ 
monella  shedding  is  whethw  feces  con¬ 
tain  any  SalmoneUa,  even  in  very  low 
numbers,  rather  than  the  quantity  of 
Salmonella  present  in  the  feces,  which 
AHI  measured.  After  the  animals  were 
infected  with  Salmonella,  fecal  speci¬ 
mens  were  processed  by  diluting  and 
then  plating  the  dilutions  on  the  surface 
of  agar  plates.  Enrichment  procedures 
were  not  used. 

(ii)  Resistance  characteristics:  (a) 
E.  coU.  As  in  the  chicken  study,  the  data 
available  on  the  occurrence  of  various 
drug  resistances  in  E.  coU  axe  limited; 
nevertheless,  th^  are  sufficient  to  draw 
general  ccmcluslMis.  Susceptibility  tests 
from  streptomycin-ccxitaining  plates 
show  a  high  proporUmi  of  multiple- 
resistant  E.  coU  in  all  groups  prior  to 
treatment,  l.e.,  treatment  groups,  non- 
medicated  ccmtrols,  and  environmental 
controls.  This  is  contrary  to  the  recwn- 
mendations  of  the  FDA  gtiidelines  estab¬ 
lished  for  these  studies.  Data  from  post¬ 
treatment  plate  counts  (one  for  each 
pig)  indicate  that  the  proportion  of  E. 
coli  resistant  to  streptomycin  remained 
high  throughout  the  experiment  and  was 
similar  for  both  the  penicillin  treatment 
group  (group  B,)  and  the  nonmedlcated 
group  (group  A).  The  results  are  not 
imexpected  because  the  high  initial  pro¬ 
portion  of  drug-resistant  organisms 
makes  it  difficult  to  detect  differences  tn 
the  proportion  of  drug-resistant  OTga- 
nisms  caused  by  antibiotic  administra¬ 
tion. 

A  more  acceptable  procedure  for  de¬ 
termining  the  proportion  of  isolates  re¬ 
sistant  to  a  particular  drug  is  to  select 
clones  from  drug-free  agar  plates  for 
susceptibility  testing.  A  higher  propor- 
ti(m  of  drug-resistant  bacteria  will  be 
isolated  on  antiblotic-c(mtalning  agar 
than  with  the  random  choice  of  a  stand¬ 


ard  drug  susceptibility  test  using  nor¬ 
mal  agar. 

Furttier,  AHI  has  injected  an  el«neBt 
ot  bias  in  reporting  the  B.  etM  informa¬ 
tion.  Only  the  clones  that  were  grow¬ 
ing  on  the  streptomycin-containing  agar 
plates  were  tested  for  susceptibility  to 
multiple  antibiotics.  This  procedure  will 
reveal  the  drugs  in  additkxi  to  strepto¬ 
mycin  to  which  the  isolate  was  resistant, 
but  a  high  propmtion  ot  the  streptomy¬ 
cin-resistant  itiolates  were  also  resistant 
to  tetracircline  and  the  sulfonamides. 

Selecting  clones  frmn  streptomsrcin- 
contaiidng  agar  for  further  stnceptibility 
testing  is  acceptable  for  determining 
what  resistances,  in  addition  to  strep¬ 
tomycin,  may  be  present.  Only  those 
cells  resistant  to  streptomycin,  alone 
or  in  a  pattern  with  other  antibiot¬ 
ics,  will  grow  on  agar  containing 
streptomycin.  However,  cells  may  be 
present  in  the  population  that  are  sus¬ 
ceptible  to  streptomycin  but  are  resistant 
to  one  or  more  other  drugs.  For  example, 
ampiclllin-resistant  bacteria  might  be 
missed.  These  cells  would  not  grow  on  the 
agar  containing  streptcxnycin,  and  the 
procedures  used  by  the  AHI  would  not 
report  them. 

(b)  SalmoneUa.  ScUmonella  were  iso¬ 
lated  frmn  both  the  nonmedlcated  con¬ 
trol  group  (group  A)  and  the  penicillin 
treatment  group  (group  B,) .  Isolates  that 
were  singly  and  multiply  drug  resistant 
were  observed,  as  well  as  isolates  with 
resistance  to  ampicillin,  tetracycline, 
chloramphenicol,  nitrofurantoin,  kana¬ 
mycin,  and  stretomycin.  The  strain  of 
Salmonella  used  to  infect  the  animals 
w’as  initially  resistant  only  to  sulfona¬ 
mides  when  the  animals  were  inoculated. 
In  both  the  nonmedlcated  control  group 
and  the  penicillin  treatment  group,  the 
proportion  of  SalmoneUa  isolates  that 
were  resistant  to  each  drug  tested  was 
similar,  and  a  significant  proportion  of 
SalmoneUa  isolates  were  resistant  to  at 
least  one  of  the  following;  ampicillin, 
tetracycline,  and  streptomycin. 

The  principcd  purpose  of  this  experi¬ 
ment  was  to  determine  whether  feeding 
of  penicillin  at  subtherapeutic  levels  re¬ 
sults  in  an  Increase  of  drug-resistant 
SalmoneUa.  One  way  by  which  Salmo¬ 
nella  become  resistant  is  by  transfer  of 
drug  resistance  from  the  indigenous 
flora,  e.g.,  E.  coli.  of  the  gut;  therefore, 
the  proportion  of  indigenous  organisms 
in  the  gut  carr3ring  drug  resistance  di¬ 
rectly  affects  the  ability  to  detect  differ¬ 
ences  due  to  antibiotic  treatment.  For 
this  reason  the  effect  that  subtherapeutic 
penicillin  has  on  Increasing  the  propor¬ 
tion  of  drug-resistant  E.  coli  was  initially 
analyzed. 

A  high  porportion  of  indigenous  E.  coli 
were  drug  resistant  before  treatment, 
which  minimized  or  negated  the  observ¬ 
able  effect  that  antibiotic  treatment 
would  have  on  the  indigenous  gut  fiora. 
Since  the  effect  of  antibiotic  pressure  on 
the  indigenous  fiora  was  the  initial  step 
in  the  process  under  study,  the  study  is 
invalid  for  demonstrating  in  a  precise 
manner  the  effect  of  feeding  subthera¬ 
peutic  levels  of  penicillin  on  occurrence 
of  resistance  in  SalmoneUa. 
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An  unexplained  Inconsistency  also  In¬ 
validating  the  study  is  the  fact  that  dur¬ 
ing  the  study  no  streptomycin-resistant 
Salmonella  grew  on  the  brilliant  green 
agar  (BGA)  containing  streptomycin. 
However,  in  subsequent  sensitivity  test¬ 
ing  in  the  experiment  it  was  determined 
that  many  of  the  Saimonella  clones 
isolated  at  different  times  on  plain  BGA 
were  indeed  resistcmt  to  streptomycin  as 
determined  by  the  standard  Kirby-Bauer 
disc  susceptibility  test. 

A  third  deficiency  imdermines  the 
validity  of  the  study.  Hie  Direotor  foimd 
that  70  to  100  percent  of  the  indigenous 
E.  coli  in  the  t^t  swine  were  resistant  to 
tetracycline,  streptomycin,  and  sulfona¬ 
mide,  and  20  to  50  perooit  were  resistant 
to  ampdcillin  and  kanamycin.  He  also 
found  that  resistance  to  chlorami^enlcol 
and  nitrofurantoin  had  occurred,  but  to 
a  lesser  extent.  NeverthetoK,  in  both  the 
medicated  animals  and  nonmedlcated 
animals,  the  Director  found  ttiat  the  re¬ 
sistance  patems  corresponded. 

Before  the  study  began,  the  Salmo- 
neHa  were  resistant  only  to  the  sulfona¬ 
mides.  On  the  basis  of  the  disc  suscepti¬ 
bility  test,  the  Director  found  the  fol¬ 
lowing  resistance  pattern  had  evolved 
during  the  course  of  the  study; 

Percent  resistant  salmonella  isolates 


Drug 

Non- 
modicatod 
group  A 

renicillin 
treatment 
group  H  1 

Streptomycin . 

48.0 

Tetracycline . 

4.1.® 

41.0 

Ampicillin . 

00.® 

58.0 

Kanamycin . 

12.8 

*  18.0 

Chloramphenicol . 

3.6 

5.6 

Nitrofurantoin . 

8.0 

.1.6 

Number  of  isolates . 

217.0 

1'J3. 0 

Resistance  was  transferred  to  Salmo¬ 
nella  in  the  nonmedlcated  group  at  a 
rate  at  least  equal  to  that  of  the  medi¬ 
cated  group.  It  is  thus  apparent  that 
Salmonella  readily  became  resistant  to 
ampicUlin,  tetracycline,  and  streptomy¬ 
cin  when  exposed  to  the  R-plasmids  of 
E.  coli  present  in  the  gut.  This  reaffrms 
the  results  observed  in  the  chicken  study, 
as  well  as  the  studies  by  PocuruU  et  al., 
Neu  et  al.,  and  Smith  and  Tucker  (Refs. 
2,  3,  and  6) .  Once  a  sufficient  nximber  of 
R-plasmid-bearing  bacteria,  princiiMdly 
E.  coli,  are  present,  the  E.  coli  donate 
their  R-plasmids  in  the  absence  of  anti¬ 
biotic  pressiu'e.  Accordingly,  the  Director 
copcludes  that  the  presence  and  propor¬ 
tion  of  R-plasmid-bearing  donors  were 
responsible  for  the  resistance  in  Salmo¬ 
nella. 

Another  safety  question  may  be  raised 
by  the  high  E.  coli  resistance  found  in 
the  swine  used  in  this  study;  70  to  100 
percent  of  the  E.  coli  were  resistant  to 
tetracycline,  streptomycin,  and  sulfona¬ 
mides,  and  20  to  50  percent  resistant  to 
kanamycin  and  ampicillin.  Yet,  in  the 
Gustafson  study  cited  below  (Ref.  7) ,  in 
typical  swine  going  tg  slaughter,  there 
were  no  E.  coli  resistant  to  ampicillin, 
although  17  of  31  isolates  were  multiply 
resistant  to  other  antibiotics. 

For  all  of  the  foregoing  reasons,  the 
Director  concludes  that  this  study  has 


failed  to  prove  conclusively  that  sub- 
therapeutic  penicillin  use  in  swhi  satis¬ 
fies  the  criterion  and  has  thus  failed  to 
show  that  such  use  is  safe. 

5.  Questions  Raised  by  Other  Studies 
of  Salmonella — (a)  CDC  reports.  The 
Center  for  Disease  Cmitrol  (CDC)  has 
maintained  a  national  Saimonella  sur¬ 
veillance  program  since  1963.  The  re¬ 
ported  incidence  of  salmonellosis  in¬ 
creased  vmtil  approximat^y  1973,  when 
it  reached  27,000.  The  level  of  reported 
cases  averaged  10.77  per  100,000  popula¬ 
tion  from  1970  through  1974,  and  true 
incidence  may  be  far  higher  because  of 
imderreportlng.  But  the  reported  cases 
from  antibiotic  resistant  Salmonella 
have  continued  to  increase.  Saimonella 
typhimurium,  which  is  the  most  common 
Salmonella  strain  in  animals,  is  the  re¬ 
sistant  strain  most  often  reported  in  man 
and  animals.  More  importantly,  the 
niunber  of  antibiotic  resistant  strains  of 
S.  typhimurium  iscdated  and  reported  al¬ 
most  doubled  between  1967  and  1975,  and 
the  increase  in  antibiotic  resistance  in 
other  Salmonella  serot3T)es  almost 
tripled  during  that  period.  Further,  in 
addition  to  the  fact  that  the  number  of 
Salmonella  strains  resistant  to  6  or  more 
antibiotics  increased  almost  10  times, 
the  percentage  of  multiply  resistant 
strains  that  are  “super  resistant”  (con¬ 
taining  resistance  to  6  or  more  antibio¬ 
tics)  increased  almost  7  times  (Refs.  1 
and  la). 

(b)  FDA  survey.  PocuruU,  Gaines,  and 
Mercer  (Ref.  2),  in  a  1971  surv^,  report 
that  Salmonella  strains  isolated  from 
outbreaks  of  salmonellosis  in  animals 
were  bearing  R-plasmid-mediated  re¬ 
sistance  to  antibiotics.  Salmonella  iso¬ 
lates  gathered  in  diagnostic  laboratories 
of  most  States  from  outbreaks  of  salmo¬ 
nellosis  in  pigs,  cows,  chickens,  and  tur¬ 
keys  were  tested  for  their  susceptibility 
to  ampicUlin,  tetracycline,  dihydrostrep¬ 
tomycin,  cephalothin,  stUfamethoxypyri- 
dazlne,  colistin,  chloramphenicol,  fura¬ 
zolidone,  neomycin,  p>olymyxin,  and 
nalidixic  acid.  Of  the  1,251  strains 
studied,  75  percent  were  resistant  to  one 
or  more  antibacterial  drugs,  40  percent 
were  resistant  to  two  or  more  antibac¬ 
terials,  and  21  r>ercent  were  resistant  to 
three  or  more  antibacterials.  But  an  even 
higher  incidence  of  miUtiply  resistant 
cultures  was  observed  in  S.  typhimurium, 
which  was  again  the  most  commonly 
isolated  pathogen. 

(c)  Neu,  Cherubin,  Longo,  Flouton,  and 
Winter  studies.  Recently,  Neu  et  al.  (Ref. 
3)  examined  the  antimicrobial  suscepti- 
bUity  of  718  Salmonella  isolates  from 
hiunans  and  681  from  animals.  They 
compared  the  ciurent  prevalence  of  anti¬ 
biotic  resistance  in  Salmonella  isolates 
from  humans  with  their  previous  studies 
in  1968-1969  and  with  the  resistance  pat¬ 
terns  of  Salmonella  isolates  from  ani¬ 
mals. 

Thirty  percent  of  aU  human  isolates 
were  resistant  to  one  or  more  antibi¬ 
otic  (s).  Again,  S.  typhimurium  was  the 
most  common  pathogen  and  58  percent 
were  resistant  to  at  least  one  antlUotic. 
More  than  50  perc«it  of  the  S.  typhi¬ 
murium  were  resistant  to  four  to  five 


antibacterials.  The  fraction  of  all  Sal- 
moneUa  strains  resistant  to  kanamycin 
rose  from  3  percent  to  12.5  percent,  'l^en 
these  results  were  compared  with  a  1966 
national  sxirvey  conducted  by  Gill  and 
Hook  (Ref.  4),  the  authors  foimd  that 
the  perc«itage  of  isolates  of  aU  sero¬ 
types  resistant  to  ampicUlin  had  in¬ 
creased  fourfold  by  1973,  smd  the  inci¬ 
dence  of  resistance  +0  tetracycUne  and 
streptomycin  had  approximately  dou¬ 
bled.  Resistance  in  S.  typhimurium  had 
increased  from  19  percent  to  58  percent 
of  isolates,  and  resistance  to  ampicillin 
has  increased  from  23  percent  to  37  per¬ 
cent.  Moreover,  the  resistance  to  am- 
piciUin,  tetracycline,  chloramphenicol, 
streptomycin,  sulfisoxazole,  and  kanamy¬ 
cin  was  transferable  among  the  various 
Salmonella  strains. 

In  animals,  S.  typhimurium  accounted 
for  70  percent  of  the  isolates,  and  80  per¬ 
cent  were  resistant  to  one  or  more  anti¬ 
microbial  agents.  R-plasmids  were  found 
in  86  percent  of  the  S.  typhimurium,  and 
resistance  to  ampiciUin,  tetracycline, 
chloramfhenlcol,  streptomycin,  sulfisox¬ 
azole,  and  kanamycin  was  transferable. 
Generally,  the  resistance  patterns  were 
simUar  to  those  encountered  in  the  Sal¬ 
monella  isolated  from  humans. 

The  authors  conclude  that  the  high  in¬ 
cidence  of  transferable  resistance  in  man 
and  animals  suggests  that  most  resistant 
strains  seen  today  contain  complete  R- 
plasmlds,  and  that  strains  unable  to 
mobUize  resistance  determinants  are  less 
common  than  was  formerly  thought. 
They  further  conclude  that  comparison 
of  the  resistance  of  Salmonella  isolates 
from  hiunans  with  that  of  Salmonella 
from  animals  shows  that  tetracycline 
resistance  is  greater  among  the  strains 
from  animals,  as  in  the  case  with  sul¬ 
fonamide  and  streptomycin  resistance. 
WhUe  the  resistance  to  ampicUlin  is 
higher  in  S.  typhimurium  strains  iso¬ 
lated  from  humans  than  those  isolated 
from  animals,  the  reverse  is  true  for 
other  serotypes.  This  difference  may 
reflect  the  greater  current  use  of  tetra¬ 
cyclines,  sulfonamides,  and  streptomycin 
in  animals. 

PinaUy,  the  authors  conclude  that  the 
survey  clearly  demonstrates  that  resist¬ 
ance  to  antibiotics  is  increasing  in  Sal- 
monellae  isolated  from  both  humans  and 
animals,  and  since  there  are  great  simi¬ 
larities  in  the  resistance  patterns  of  hu¬ 
man  and  animal  isolates,  it  would  be  use¬ 
ful  to  know  whether  the  R-plasmids  are 
of  a  simUar  nature  since  this  would  sug¬ 
gest  that  animal  strains  have  contributed 
to  the  human  pool  of  resistant  organisms. 

(d)  Smith,  H.,  and  J.  F.  Tucker  studies. 
Smith  and  Tucker  (Ref.  5)  studied  the 
effect  of  antibiotic  therapy  on  the  fecal 
excretion  of  S.  typhimurium  by  experi¬ 
mentally  infecting  3-day-old  chicks. 
There  were  3  different  treatment  regi¬ 
mens  studied ;  9  different  antibiotics 
were  used  with  experimental  groups  of 
40  during  each  study.  One  or  two  groups 
in  each  experiment  were  fed  nonmedi- 
cated  feed  throughout.  The  following  an¬ 
tibacterials  were  tested;  Ampicillin.  oxy- 
tetracycllne,  chloramphenicol,  furazoli¬ 
done,  neomycin,  polymixin,  spectinomy- 
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cln.  streptomycin,  and  a  mixture  of 
trlmethCH^Im  and  sulfadiazine.  The  regi¬ 
mens  were:  (1)  ccmtinuous  antibiotic  ad¬ 
ministration  in  the  diet  for  61  days  at  100 
milUgrams/kilogram  of  animal  feed 
(subtherapeutic) ;  (2>  continuous  anti¬ 
biotic  administration  in  the  diet  at  500 
milllgrams/kilogram  of  animal  feed  for 
44  days  (therapeutic) ;  (3)  ccmUnuous 
antibiotic  administration  In  the  diet  for 
9  or  18  days  at  500  milligrams /kilogram 
of  animal  feed  while  observing  for  65 
days. 

In  each  preceding  experimental  group, 
except  the  furazolidone  group,  when 
chickens  were  fed  subtherapeutic  drugs, 
the  E.  coli  became  multiply  resistant  with 
R-plasmlds  having  the  same  pattern  of 
resistance  that  developed  shortly  there¬ 
after  In  the  Salmonella  of  the  same 
groups.  No  antibiotic  resistant  Salmo¬ 
nella  were  ever  isolated  from  the  fecal 
specimens  taken  fr(xn  the  chicks  fed  an- 
tibiotlc-free  diets,  although  high  concen¬ 
trations  of  antibiotic-resistant  pecula¬ 
tions  always  develeced  in  the  S.  typhi- 
murium  and  E.  coli  from  groups  fed  anti¬ 
biotics. 

Smith  and  Tucker  found  that  although 
many  of  the  antibiotics  brought  about  a 
profound  reduction  in  the  concentration 
of  fecal  E.  coli,  it  was  usually  shwt-lived 
because  of  the  emergence  of  antibiotic- 
resistant  peculations  of  E.  coli,  even  in 
the  grenip  receiving  subtherapeutic  levels 
of  the  antibacterials.  Me>6t  of  the  resist¬ 
ance  to  ampicillin,  oxytetracycline, 
chloramphenicol,  streptomycin  and  spec- 
tlnexnycin  are  due  to  R-plasmiels  found 
initially  in  the  entire  chicken  population, 
with  the  same  patterns  of  antibiotic  re¬ 
sistance  (ampicillin,  str^tomycin,  tetra¬ 
cycline,  chloramphenicol)  which  were  se¬ 
lected,  transferred  and  subsequently  ap¬ 
peared  in  the  S.  typhimurium  popula¬ 
tions  of  each  different  dietary  regimen 
selected  for  any  one  drug. 

Although  penicillin  was  not  used  in 
the  study,  the  principles  that  apply  to  the 
emergence  of  transferable  drug  resist¬ 
ance  in  this  study  apply  to  R-plasmids 
that  emerge  from  use  of  penicillin.  Fur¬ 
ther,  ampicillin  is  a  penicillin,  which  in 
sufficient  quantity  will  produce  the  ef¬ 
fects  of  penicillin  G  on  drug  resistance 
in  Gram-negative  bacteria. 

Antibiotics  have  been  used  to  such  an 
extent  In  certain  animal  species  that  or¬ 
ganisms  that  are  well  adapted  to  their 
digestive  tract  are  now  drug  resistant. 
Tlie  selective  pressure  of  antibiotics  is 
one  of  the  primary  factors  that  results  in 
an  increase  in  the  number  of  organisms 
carrying  transferable  drug  resistance, 
and  the  selective  pressure  may  be  frean 
either  therapeutic  or  subtherapeutic  an¬ 
tibiotic  use.  Although  the  procedmes 
used  to  gather  the  informatimi  from  the 
AHI  chicken  study  were  Inadequate  ac¬ 
cording  to  the  current  state  of  the  art, 
nevertheless,  the  AHI  chicken  study  ex¬ 
emplifies  the  interaction  between  the  pool 
of  R-plasmid  donors  and  drug-suscepti¬ 
ble  pathogens  in  chickens;  it  also  dem- 
onsteates  the  ^ect  of  subtherapeutic 
penicUltn  pressure  on  the  devel(H>ment  of 
resistance  to  ampicillin.  Other  recent 
literature  such  as  the  Smith  and  Tucker 
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st^es  and  contract  studies  confirm 
these  findings.  The  Director  conclndea 
that  there  Is  no  evldenoe  to  show  that 
safety  hazards  do  not  exist  as  a  conse¬ 
quence  of  the  subtherapeutic  use  of  peni¬ 
cillin  in  animal  feed. 

(e)  Kobland,  Gustafson  study.  Kob- 
land.  Gustafson  et  aL  (B^.  7)  cA.  Ameri¬ 
can  Cyanamid  performed  a  survey  of 
three  major  swine  producing  areas  for 
the  Animal  Health  Institute  to  determine 
the  extent  ol  the  naturally  occurring  an¬ 
tibiotic-resistant  Salmonella  reservoir  in 
hogs;  subtherapeutic  levels  of  antimi¬ 
crobials  were  routinely  used  in  animal 
feeds  in  the  area.  Fecal  contents  were 
sampled  from  market-age  hogs  obtained 
from  slaughter  houses  in  Pennsylvania, 
Iowa,  and  Georgia,  and  these  samples  to- 
tumed  to  the  labOTatory  for  Salmcmella 
isolation  procedures.  E.  coli  were  also 
isolated  to  obtain  informatiem  regarding 
antibiotic  resistance  status  of  indigenous 
collfOTms. 

The  first  survey  was  made  In  Lancas¬ 
ter  County,  Pennsylvania.  Out  of  151 
animals  sampled,  54  (35  percent)  were 
positive  for  Salmonella,  and  all  Isolates 
tested  (653)  were  sensitive  to  the  10 
antimicrobial  agents  that  were  tested. 
Of  31  E.  coli  Isolates,  17  were  multiply 
resistant. 

In  the  second  study,  in  Iowa,  26  hogs 
(10  percent)  were  positive  for  Salmo¬ 
nella  out  of  251  sampled.  Examination  of 
219  isolates  yielded  10  (5  percent)  re¬ 
sistant  Isolates,  but  all  from  1  hog. 
Again,  most  of  the  coliforms  (E.  coli) 
were  m^lltiply  resistant. 

Finalhr,  in  the  Georgia  survey.  Sal¬ 
monella  was  isolated  from  215  (84  per¬ 
cent)  out  of  256  animals  sampled,  i.e.,  78 
hogs  (36  percent)  carried  drug-resistant 
Salmcmella;  and  of  622  Isolates,  145 
(23  percent)  carried  tetracycline  resist¬ 
ance  singly  or  with  streptomycin. 

Four  Salmonella  serotypes  were  iden¬ 
tified  in  Pennsylvania,  eight  in  Iowa, 
and  seven  in  Georgia.  The  Salmonella 
strains  that  were  resistant  to  more  than 
one  antimicrobial  were  able  to  transfer 
resistance  to  an  £.  colt  recipient.  When 
the  sponsors  tested  representative  drug- 
sensitive  Salmcmella  isolates  for  their 
ability  to  receive  R-plasmids,  four  S. 
Worthington  and  two  S.  newington  iso¬ 
lates  acquired  resistance  after  a  24-hour 
mating.  None  of  28  other  isolates  as 
tested  accepted  an  R-plasmid.  Only  two 
samples  represented  S.  typhimurium, 
the  most  frequently  isolate  serotype 
from  animal  and  human  sources  and  a 
good  donor  of  R-plasimds. 

In  summary,  (i)  40  percent  erf  ceca 
from  animals  in  Pennsylvania,  Iowa, 
and  Georgia  contained  Salmonella;  (il) 
None  were  antibiotic-resistant  in  Penn¬ 
sylvania,  4  percent  in  Iowa,  and  23  per¬ 
cent  in  Georgia;  and  (iii)  none  of  the 
Salmonellae  from  any  of  the  three 
States  were  ampicillin-resistant.  For 
E.  coli,  (i)  7  percent  of  the  swine  sam¬ 
pled  from  Pennsylvania  were  amplcil- 
lin-resistant,  (il)  31  percent  fr(»n  Iowa, 
and  (iii)  39  percent  from  Georgia.  Only 
certain  Salmonella  serotypes  were 
shown  to  be  good  recipients  for  the  E. 
coli  R-plasmids  in  transfer  studies  done 


in  conjunction  with  the  surveys,  and 
none  acquired  ampiciOln  resistance.  On 
this  basis,  AHI  con^ded  that  natural¬ 
ly  occurring  Salmonella  are  neither  R- 
plasmid-bearing  nor  willing  R-plasmld 
recipients. 

The  survey  alone,  however,  is  inade¬ 
quate  to  support  a  ccmclusion  that  the 
background  level  of  drug-resistant  Sal¬ 
monella  is  not  increasing  because  there 
is  no  documentatlcxi  that  the  sites  se¬ 
lected  for  sampling  provide  a  rsmdom 
representative  sample  of  the  total  swine 
P<H)ulation.  The  authors  explained 
neither  how  they  determined  that  the 
sampled  swine  had  been  exiKised  to  anti¬ 
biotic  pressure  nor  which  antfiilodcs 
were  involved.  Of  22  Georgia  isolates 
that  were  resistant  only  to  tetracycUro, 
not  one  transferred  its  resistance,  and 
for  this  reasmi,  the  authors  assert  that 
the  g^e  coding  for  tetracycline  resist¬ 
ance  was  probably  located  on  the  bacte¬ 
rial  chromosome  rather  than  cm  a  plas¬ 
mid.  This  assertion  is  contrary  to  cur¬ 
rent  information  which  Indicates  that 
natura^  occurring  tetracycline  resist¬ 
ance  is  invariably  plasmid  mediated 
(Ref.  8).  Tetracycline  resistance  in  a 
bacterial  strain  can  be  taken  to  indicate 
the  presence  of  an  R-plasmld  because  no 
evidence  has  ever  shown  tetracycline  re¬ 
sistance  to  be  chrmnosomally  mediated 
in  naturally  occurring  strains  of  enteric 
bacteria  (Ref.  9).  The  plasmid  may, 
however,  be  small  and  not  self -transmis¬ 
sible,  as  was  apparently  the  case  in  the 
Gustafson  study. 

American  C^yanamid’s  in  vitro  tests  for 
Salmonella  R-plasmid  recipient  activity 
are  also  inadequate.  Cyanamid  tested 
only  “representative”  sensitive  Seilmo- 
nella  isolates,  and  four  S.  worthington 
smd  two  S.  newington  isolates  acquired 
resistance.  Although  none  of  the  other 
28  Isolates  tested  accepted  an  R-plasmid 
in  these  tests,  only  a  single  R-plasmid- 
bearing  E.  coli  donor  was  used,  and  the 
compatabllity  pnwrties  of  the  donor  R- 
plasmid  were  never  presented.  It  is  well 
recognized  that  certain  species  of  Salmo¬ 
nella  are  generally  neither  good  donors 
nor  recipients  of  R-plasmid  in  the  labo¬ 
ratory.  The  ability  of  a  particular  Sal¬ 
monella  to  act  as  a  recipient  is  depend¬ 
ent  on  the  compatabllity  pr(n>erties  of 
the  donor  R-plasmid.  For  example,  in  re¬ 
cent  years  most  R-plasmids  isolated  frc»n 
naturally  occurring  Salmonella  have 
been  of  incompatlbihty  groups  H  and  I, 
and  many  Salmonella  are  not  good  re¬ 
cipients  for  F  n  R-plasmids,  a  common 
type  encountered  in  E.  coli.  Therefore, 
without  data  on  incompatability  group¬ 
ings,  the  Director  brieves  that  this  a^iect 
of  Gustafson’s  study  is  ot  little  value. 

(f)  Other  studies.  Wilcock  et  al.  (Ref. 
10) ,  found  far  greater  levels  of  antibiotic 
resistance  in  clinical  isolates  of  Salmo¬ 
nella  typhimurium  (95  percent  were  tet¬ 
racycline-resistant)  than  in  Isolates  of  S. 
choleraesuis  (18  percent).  These  strains 
accounted  for  90  percent  of  the  63  iso¬ 
lates  definitdy  associated  with  swine  sal- 
mondlosis.  Hie  greater  accessibility  of  S. 
tyj^imurium  to  Intestinal  E.  coU  in  con¬ 
trast  to  the  systemic  S.  choleraesuis  In¬ 
fection  may  explain  this  difference. 
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In  a  survey  of  5  Canadian  abattoirs  by 
Groves  and  Bamum  et  aL  (1970,  Ref.  11) , 
20  percent  of  462  hogs  were  Salmonella 
positive.  Tetracycline-resistant  Salmo¬ 
nella  were  found  in  isolates  from  11  of 
the  94  (11.7  percent)  mesenteric  lymj^ 
node  samples  of  marketed  swine,  in  2  of 
15  (13.3  percent)  Isolates  from  the  abat¬ 
toir  environment,  and  in  only  1  of  25  (4.5 
percent)  isolates  from  a  farm  supplying 
the  abattoir.  Thus,  14  of  134  isolates  (10.5 
percent)  were  at  least  tetracycline  re¬ 
sistant.  Of  the  14  resistant  Salmonella,  5 
were  S.  typhimurium  and  8  were  S. 
schwarzengrud.  Single  or  multiple  tetra¬ 
cycline  resistance  was  present  in  all  14 
resistant  Salmonella.  Out  of  110  strains 
studied,  22  were  S.  typhimurium.  Other 
prevalent  serotypes  included  S.  Heidel¬ 
berg,  S.  muenster  and  S.  anatum.  Voogd 
(1973,  Ref.  12)  charted  various  Salmo¬ 
nella  serotypes,  and  a  large  percentage 
of  resistance  was  seen  in  S.  typhimurium 
(25  percent  in  1971) ,  S.  anatum  (29  per- 
•cent)  and  S.  panama  (25  percent),  al¬ 
though  resistance  in  other  serotjrpes  such 
as  S.  derby,  S.  infantis,  S.  dublin,  or  S. 
chloraesuis  was  lower.  As  mentioned 
earlier,  most  surveys  have  clearly  shown 
an  increase  in  drug-resistant  Sahnonella 
In  recent  years,  and  the  strains  surveyed 
In  those  studies  have  obviously  encoim- 
tered  R-plasmids  which  bacteria  can  ac¬ 
cept  and  stably 'maintain.  This  is  clearly 
demonstrated  by  the  results  of  the  AHI 
studies  and  the  other  evidence  discussed 
earlier. 

6.  Director’s  Conclusions.  Questions 
raised  by  the  CDC  reports,  and  the  stud¬ 
ies  conducted  by  Ryder,  Pocurull  et  al., 
Neu  et  al.,  and  Smith  and  Tucker  (Refs. 

1  through  3,  and  5)  show  precisely  the 
same  pattern  of  resistance  and  in  the 
same  sequence  that  was  observed  in  the 
E.  coli  and  Salmonella  isolates  from  the 
AHI  chicken  and  swine  studies.  Resist¬ 
ance  occurred  in  the  E.  coli,  and  a  cor¬ 
responding  pattern  of  resistance  subse¬ 
quently  occurred  in  the  Salmonella  after 
exposure  to  the  R-plasmid-bearing  E. 
coli.  Despite  the  absence  of  antibiotic 
pressvu’e  (in  the  nonmedicated  animals) , 
initially  high  niunbers  of  resistant  E.  coli 
in  all  of  the  test  animals  did  transfer  R- 
plasmids  to  the  antibiotic-sensitive  Sal¬ 
monella. 

Furthermore,  because  most  of  the  ani¬ 
mals  in  the  AHI  studies  were  harboring 
drug-resistant  R-plasmid-bearing  E. 
coli.  which  was  contrary  to  FDA  criteria, 
the  studies  may  be  considered  invalid  for 
determining  the  effect  of  feeding  sub- 
therapeutic  penicillin  on  the  emergence 
of  drug-resistant  Salmonella.  Moreover, 
the  procedures  used  to  gather  the  data 
I  on  Salmonella  prevalence  and  duratioif 
were  inadequate.  The  studies  neverthe¬ 
less  demonstrate  that  the  reservoir  of  R- 
plasmid-bearing  Salmonella  increased  in 
direct  correlation  wilh  the  resistance 
patterns  observed  in  the  drug-resistant 
E.  coli.  These  results  confirm  the  results 
observed  in  the  literature.  R-plasmid- 
bearing  bacteria  are  widespread  in  the 
environment,  and  they  can  transfer 
their  R-plasmids  to  pathogens,  even  in 
the  absence  of  antibiotic  pressure.  Un¬ 
der  §  558.15,  the  holders  of  approved 


NAOA's  were  required  to  submit  data  to 
prove  conclusive  that  the  subtherapeu- 
tle  use  of  penicillin  in  animal  feed  does 
not  increase  the  duration  and  jmevalenoe 
of  Salmonella,  and  that  such  use  does 
not  contribute  to  the  devel(^ment  of 
R-plasmld-bearing  organisms.  Because 
subtherapeutic  use  of  penicillin  contrib¬ 
utes  both  to  R-plasmld  buildup  and 
transfer,  the  data  lead  to  the  conclusion 
that  the  subtherapeutic  use  of  penicillin 
has  not  been  shown  to  be  safe. 
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C.  Compromise  of  Therapy  (Criterion  2 
(O) 

1.  Background  and  criterion.  The  1972 
FDA  Task  Force  was  concerned  that  the 
continuous  feeding  of  antibiotics  to  ani¬ 


mals  might  compromise  the  treatment  of 
certain  aninriaj  diseases.  It  concluded 
that  additional  information  was  needed, 
and  FDA  accm’dingly  determined  that 
^idemiological  and  controlled  challenge 
studies  were  to  be  carried  out  to  deter¬ 
mine  the  relationship  of  the  use  of  anti¬ 
biotics  in  animal  feed  to  the  effectiveness 
of  subsequent  treatment  of  animal  dis¬ 
ease.  which  is  criterion  2(c)  of  this  no¬ 
tice.  To  answer  this  criterion  with  regard 
to  subtherapeutic  use  of  penicillin,  the 
Animal  Health  Institute  submitted  two 
studies.  The  first,  carried  out  in  chickens, 
involved  treatment  of  a  systemic  E.  coli 
infection  by  oxytetracycline  after  sub¬ 
therapeutic  use  of  penicillin  in  feed.  The 
second  study,  in  swine,  dealt  with  treat¬ 
ment  of  a  Salmonella  choleraesuis  infec¬ 
tion  by  nitrofurazone,  after  subthera¬ 
peutic  use  of  penicillin  in  feed. 

2.  AHI  Compromise  of  Therapy  Study 
in  Chickens. — (a)  Experimental  design. 
Day-old-chicks  were  placed  mi  sub¬ 
therapeutic  levels  of  penicillin  (50 
giams/ton)  for  21  days.  On  day  21  the 
birds  were  infected  by  the  intramuscular 
(IJM.)  route  with  F.  coli  at  4.5  x  10*CFU 
(colony  forming  units).  Subsequent 
treatment  was  with  oxytetracycline  (12.5 
miUigrams  given  IJM.  for  3  days) . 

(b)  AHI’s  summary  of  the  results.  The 
highest  mortality  (60  percent)  occurred 
in  the  group  of  chickens  receiving  nei¬ 
ther  peniciUin  nor  oxytetracycline  treat¬ 
ment,  as  compared  with  no  mortality  in 
the  group  receiving  penicillin  in  feed 
and  subsequent  oxytetracycline  treat¬ 
ment.  Penicillin-supplmented  diets  re¬ 
duced  mortality  in  chickens  with 
systemic  E.  coli  infections  by  38  percent. 
The  use  of  oxytetracjcline  treatment 
alone  was  enough  to  reduce  mortality 
from  60  percent  to  13  percent.  The 
penicillin-fed  grroups  showed  better 
weight  gain  than  the  control  groups. 

Based  upon  the  data  presented,  when 
mortality,  feed  consumption,  weight 
gain,  and  feed  efficiency  are  considered, 
AHI  concluded  that  the  subtherapeutic 
use  of  procaine  pMiicillin  at  50  grams/ 
ton  did  not  compromise  subsequent 
therapy  of  artifically  induced  systemic 
E.  coli  in  chickens,  when  oxytetracycline 
12.5  milligrams  I.M.  was  the  therapeutic 
agent. 

(c)  Director’s  analysis.  The  experi¬ 
mental  design  used  was  inappropriate  to 
address  whether  the  subtherapeutic  use 
of  penicillin  in  animal  feed  will  com¬ 
promise  therapy  in  diseased  chickens. 
The  establishment  of  a  clinical  infection 
by  giving  E.  coli  orally  in  chickens 
presents  some  practical  problems,  where¬ 
as  challenge  via  intramuscular  injection 
resulted  in  a  more  uniform  clinical  effect. 
However,  infection  by  the  intramuscular 
route  prevented  the  interaction,  on  the 
intestines,  of  the  infecting  organism  (E. 
coli)  and  resident  E.  coli,  a  combination 
that  is  known  to  be  necessary  for  selec¬ 
tion  of  drug  resistance.  Therefore,  the 
Director  must  conclude  that  this  work  in 
chickens  presented  by  AHI  fails  to  ad¬ 
dress  appropriately  and  to  satisfy  animal 
health  criterion  2(c).  The  work  provides 
no  evidence  that  sheds  any  light  on  the 
compromise  of  therapy  issue. 
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3.  AHI  Compromise  of  Therapy  Study 
in  Stoine. — (a)  Experimental  design. 
Weanling  swine  were  placed  on  a  trial 
diet  (penicillin  30  grams/ton)  for  21 
days.  On  day  21  the  swine  were  orally 
infected  with  Salmonella  choleraesuis 
(2.1  X 10*  CFU)  via  stomach  tube,  follow¬ 
ing  a  24-hour  fast.  Treatment  was  with 
nitrofurazone  (110  parts  per  million  in 
drinking  water)  when  the  first  clinical 
signs  of  salmonellosis  appeared. 

(b)  AHI’s  summary  of  the  results.  The 
highest  mortality  (30  percent)  occurred 
in  the  group  of  swine  receiving  no 
penicillin  feed  and  no  subsequent  treat¬ 
ment  as  compared  with  10  percent  in  the 
group  receiving  penicillin  in  feed  but  no 
subsequent  treatment.  No  mortality  oc¬ 
curred  in  the  groups  receiving  nitro- 
furazcHie  treatment,  regardless  of 
whether  p>enlcillin  was  absent  or  present 
in  the  diet.  The  scouring  index  was  high¬ 
er  in  the  negative  control  group  receiv¬ 
ing  neither  penicillin  in  the  diet  nor 
nitrofurazone  treatment,  while  it  was 
significantly  lower  in  the  remaining 
groups.  Weight  gain  and  feed  efficiency 
were  higher  in  the  medicated  groups 
than  in  the  control  groups. 

Although  differences  in  mortality  be¬ 
tween  groups  was  not  significant  when 
other  parameters,  such  as  weight  gain, 
feed  efficiency,  and  scour  index  are  ob¬ 
served,  AHI  concluded  that  the  sub- 
therapeutic  feeding  of  prtxaine  penicil¬ 
lin  at  30  grams/ton  will  not  compromise 
subsequent  nitrofurazone  therapy  of 
artificially  included  Salmonella  chole¬ 
raesuis  in  swine. 

(c)  Director’s  analysis.  Any  study  of 
compromise  of  therapy  requires  a  deter¬ 
mination  of  whether  the  subtherapeutic 
use  of  a  drug  results  in  an  increase  in  the 
number  of  bacteria  bearing  R-plasmids 
that  are  capable  of  donating  these  R- 
plasmids  to  pathogens.  The  object  of  the 
AHI  swine  study  was  ostensibly  to  deter¬ 
mine  whether  the  subtherapeutic  ase  of 
penicillin  would  comprcMnise  nitrofuran 
therapy.  However,  the  resistances  most 
commonly  found  to  result  from  penicil- 
in  use  in  E.  coli  are  resistance  to  ampicil- 
lln,  tetracycline,  sulfonamides,  and 
streptomycin  in  various  combinations. 
Rarely  will  the  subtherapeutic  use  of 
penicillin  result  in  an  Increased  inci¬ 
dence  of  transferable  resistance  to  nitro¬ 
furazone  (Ref.  1).  For  this  reason  a 
study  that  attempts  to  measure  com¬ 
promise  of  therapy  against  nitrofurazone 
alone  will  be  biased  by  design  against 
showing  a  compromise.  The  nitrofura¬ 
zone  group  is  useful  to  show  that  the 
disease  is  treatable  by  an  antibacterial. 
However,  the  study  requires  a  group 
treated  with  a  drug  whose  resistance  is 
frequently  mediated  by  R-plasmids  to 
measure  any  compromise  of  therapy, 
particularly  because  penicillin  would  not 
be  used  to  treat  an  S.  choleraesuis  in¬ 
fection.  Even  though  nitrofurazone  may 
be  one  drug  of  choice  for  treatment  of 
S.  chloraesuis  infection  in  swine.  It  use 
alone  in  the  study  of  comprwnise  of 
therapy  is  inappropriate  because  nitro¬ 
furazone  resistance  is  not  coie  that  would 
ordinarily  become  a  problem  from 
penicillin  use;  moreover,  because  of  ques¬ 
tions  about  carcinogenicity,  the  Director, 


in  a  notice  published  In  the  Fbdkiial 
Rbgister  of  August  17.  1976  (41  FR 
34899),  mopoeed  to  withdraw  ai^roval 
of  NADA’s  for  the  use  oi  nitrofurazone 
on  the  grounds  that  It  has  not  been 
shown  to  be  safe. 

The  study  should  have  been  designed 
with  treatment  of  the  disease  by  a  drug 
to  which  subtherapeutic  use  of  penicillin 
may  cause  increased  resistance,  e.g., 
ampicillin  or  tetracycline,  to  provide  a 
more  accurate  refiection  of  what  may 
<x;cur  in  the  field.  This  study  is  of  no 
value  in  showing  that  subtherapeutic 
penicillin  feed  does  not  (x>mpr(Hnise 
therapy  by  related  drugs  such  as  ampi¬ 
cillin  or  by  drugs  to  which  resistance 
would  commonly  occur  along  with  that 
of  resistance  on  an  R-plasmid.  For  ex¬ 
ample,  ampicUlin,  tetracycline,  sulfon¬ 
amide,  and  streptomycin  resistance  are 
commonly  linked  on  R-plasmids. 

4.  Questions  Raised  by  FDA  Funded 
Research.  Due  to  the  ccunplexity  and  im¬ 
portance  of  the  compromise  of  therapy 
issue,  FDA  sponsored  a  study  to  develop  a 
disease  model  with  antibiotic  susceptible 
organisms  in  a  manner  that  would  pro¬ 
vide  suspectible  pathogenic  E.  coli  with 
the  opportunity  to  interact  in  the  intes¬ 
tinal  tract  with  R-plasmid-bearing  or¬ 
ganisms  and  develop  drug  resistance 
(Ref.  2).  A  University  of  Missouri  siu"- 
vey  for  a  tetracycline-susceptible  patho¬ 
genic  E.  coli,  however,  failed  to  l(x:ate  a 
susceptible  strain  in  swine,  and  a  com¬ 
promise  of  therapy  experiment  using 
tetracycline-resistant  pathogenic  E.  coli 
was  performed  according  to  the  follow¬ 
ing  design. 

(a)  Experimental  design.  Swine  were 
fed  an  unmedicated  diet  and  two  diets 
containing  subtherapeutic  levels  of  the 
combination  chlortetfacycllne,  sulfa¬ 
methazine,  and  penicillin;  the  investiga¬ 
tors  then  measured  the  effectiveness  of 
therapeutic  levels  of  chloramphenicol 
and  chlortetracycline. 


Number  of  Infection 
animals  with 

E.  coli 

Oral  therapeutic 
agent  (per  kilogram 
of  animal) 

DIET  1— UnmedicatoA 

Group: 

1 

18  No . 

None 

2 . 

20  Yes . 

Do. 

3 . 

28  Yes . 

.  ('hloramphenicol— 

4 . 

.10  ».■! . 

.50  mg. 

,  Chlortetracycline— 

50ing. 

DIET  2 — Chlortetracycline  (20  g/ton  of  feed),  sulfa- 
KetbaEine  (20  g/ton  of  feed),  and  penicillin  (10  g/ton 
of  feed) 


Group: 

1 . 

17 

Yes . 

. .  None. 

2 . 

21 

Yes . 

..  Chloramphenicol— 

3 . 

23 

Yes . 

.50  mg. 

..  Chlorteiracycline— 

50  mg. 

DIET  3— Chlortetracycline  (100  gAon  of  feed),  sulfa- 
methfttine  (100  f  Aon  of  feed),  and  penicillin  (60  g/ton 
of  feed) 


1  .  14  Yee . None. 

2  .  10  Yee . Chloramphenicol— 

50  mg. 

3  ...  .  12  Yee . Chlortetracyollne— 

50  mg. 


(b)  Director’s  analysis.  In  each  diet, 
chloramphenicol  treatment  was  signifi¬ 
cantly  more  effective  for  the  treatment 
of  the  disease  than  was  treatment  with 
chlortetracycline.  In  fact,  the  results 
show  that  chlortetracycline  treatment 
was  no  more  effective  than  either  the 
imtreated  control  group  or  the  groups 
fed  the  combination  of  subtherapeutic 
antibiotics  in  the  ration,  i.e.,  the  latter 
were  ineffective. 

The  Missouri  study  indicates  that  ani¬ 
mal  therapy  may  be  compromised  where 
the  pathogen  is  resistant  to  the  anti¬ 
biotic  used  for  treatment. 

5.  Director’s  Conclusion.  The  potential 
for  harm  resulting  from  compromise  of 
therapy  is  clear,  and  no  evidence  has 
been  submitted  that  adequately  ad¬ 
dresses  the  basic  issue,  the  potential  for 
subtherapeutic  penicillin  use  to  com¬ 
promise  therapy,  since  the  studies  sub¬ 
mitted  contained  design  deficiencies.  For 
these  reasons,  the  Director  concludes 
that  the  sponsors  have  failed  to  resolve 
the  issue  and  thereby  show  that  the  sub¬ 
therapeutic  use  of  penicillin  is  safe  in 
animal  feed. 
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6.  Optimal  Level  of  Effectiveness  (Ani¬ 
mal  Health  Criterion  4) .  This  was  origi¬ 
nally  stated  as  a  separate  criterion  as 
follows: 

The  optimum  usage  level  for  each  indica¬ 
tion  of  use  of  the  antibacterial  drug  at 
subtherapeutic  levels  shaU  not  Increase  sig¬ 
nificantly  with  continued  use. 

Once  the  optlmiim  level  is  established,  a 
study  shall  continue  over  succeeding  gen¬ 
erations  or  populations  of  animals  to  deter¬ 
mine  If  this  same  level  continues  to  yield 
the  same  measurable  effect. 

No  data  were  submitted  on  this  issue 
for  penicillin  or  penicillin-containing 
products.  The  failure  to  submit  these 
data  was  in  part  due  to  the  inability  to 
design  such  studies  that  would  be  mean¬ 
ingful  in  the  2-year  period  designated 
for  study.  A  study  begim  in  1972  was 
submitted  by  AHI  which  compares  the 
effectiveness  of  four  antibiotics  (chlor¬ 
tetracycline,  tylosin,  bacitracin,  and  vir-  , 
giniamycin)  to  a  nonmedicated  group  j 
in  swine  (Ref.  below).  The  study  was  I 
conducted  at  only  one  location;  tests  | 
at  several  locations  are  necessary  to 
provide  any  evidence  they  may  have  ? 
general  application  to  the  swine  indus¬ 
try.  Moreover,  the  antibiotics  were  not  j 
fed  to  the  swine  at  graded  dosage  levels  i 
(dosage  titration) ,  which  is  necessary  to 
determine  the  optimal  level  of  the  drug’s  ' 
effectiveness.  That  is  the  first  step  in  | 
attempting  to  address  the  concerns. 
Without  that  evidence,  the  Director  can¬ 
not  make  any  determination  about  the 
role  of  R-plasmid-bearing  organisms  in 
the  continuing  effectiveness  and  safety 
of  subtherapeutic  use  of  any  tested  anti¬ 
biotic  in  animals,  ihcluding  penicillin. 

Reference 

Langlois,  B.,  O.  Cromwell,  V.  Hays,  “Influ-  ‘ 
ence  of  Antibacterial  Agents  In  Feed  In  the  ^ 
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Incidence  and  Persistence  of  Antibiotlc-Re- 
Blstant  Members  of  the  FamUy  Enterobacte- 
riaceae  E.  coU  Isolated  frcnn  Swine,”  final 
report  to  Animal  Health  Institute,  April  14. 
1976. 

D.  Pathogenicity  {Criterion  3) 

1 .  Background  and  Criterion.  It  is  clear 
that  bacterial  plasmids  contribute  sig¬ 
nificantly  to  an  organtem’s  capacity  to 
produce  disease  and  to  survive  within  the 
host  organism  (Ref.  1).  The  production 
of  enterotoxin,  for  example,  is  an  essen¬ 
tial  factor  in  the  pathogenicity  of  E.  coli 
strains  of  porcine  origin,  and  Smith  and 
Halls  (Ref.  2)  demonstrated  that  this 
property  was  governed  by  a  plasmid, 
termed  ENT.  Similarly,  the  genetic  de¬ 
terminants  for  enterotoxin  production 
in  E.  coli  isolated  from  calves  and  lambs 
have  also  been  shown  to  be  controlled  by 
transmissible  plasmid  (Ref.  3).  Recent 
studies  support  the  premise  that  entero- 
toxin-producing  strains  of  E.  coli  are 
also  responsible  for  a  significant  propor¬ 
tion  of  previously  imdiagnosed  human 
diarrheal  disease  (Refs.  4  through  6) . 
Corresponding  to  these  studies  in  do¬ 
mestic  animals,  researchers  have  now 
shown  that  the  ability  of  E.  coli  strains 
of  human  origin  to  elaborate  entero¬ 
toxin  is  mediated  by  a  transmissible 
plasmid  (Refs.  7  and  8> . 

In  addition  to  toxins,  other  plasmid- 
mediated  virulence  factors  have  been 
described.  One  of  the  characteristics  of 
the  diarrheal  disease  caused  by  entero¬ 
toxigenic  E.  coli  in  man  or  animals  is  the 
ability  of  large  numbers  of  the  bacteria 
to  ccdonize  the  small  bowel.  There  is  evi¬ 
dence  that  a  siu^ace  associated  antigen 
K88,  on  E.  coli  toxigenic  for  pigs  facili- 
I  tates  colonization  since  the  antigen 
I  functions  to  overcome  intestinal  motility 
\  and  other  clearing  mechanisms  (Refs.  9 
I  through  13) .  Further,  Orskov  et  aJ.  (Ref. 
I  14)  showed  that  K88  production  is  gov¬ 
erned  by  a  transmissible  plasmid.  A  sim- 
I  ilar  antigen,  K99,  has  been  described  for 
calves  (Refs.  15  through  17) .  Moreover, 
I  these  K-antigens  play  a  role  in  the  host 
I  specificity  of  these  pathogens.  The  K88 
I  antigen  from  porcine  isolates  is  unable 
I  to  produce  adhesion  to  the  calf  intestine, 

1'  and  the  K99  calf  antigen  is  unable  to  ad¬ 

here  to  the  pig  intestine  (Ref.  15).  A 
similar  plasmid-controlled  surface  anti¬ 
gen  has  recently  been  described  in  a 
i!  strain  of  E.  coli,  causing  severe  human 
t  diarrheal  disease  (Ref.  18) . 
t  Another  way  plasmids  can  contribute 
h  to  virulence  is  exemplified  by  the  colicin 

f  V  plasmid  (Ref.  19).  Colicin  V  is  the 

f  most  common  colicin  produced  by  E.  coli. 
I  and  pathogenic  E.  coli  containing  the 
colicin  V  plasmid  have  a  greater  ability 
to  resist  the  host  species’  defense  mecha¬ 
nism  (Ref.  19) .  Such  E.  coli  also  tend  to 
be  more  refractory  to  the  bactericidal 
I  effects  of  undefin^  components  in  se¬ 
rum.  In  addition.  Smith’s  experiments 
I  in  chickens  and  in  humans  reveal  that 
I  the  colicin  V  R-plasmid  confers  on  or¬ 
ganisms  an  increased  ability  to  survive 
j  in  the  alimentary  tract  as  well  as  in  the 
I  tissue  (Ref.  20) .  On  the  basis  of  this  evi¬ 
dence,  the  Director  believes  that  other 
plasmid-mediated  factcH’s  that  enhance 
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pathogenicity  may  w^  be  found  in  the 
future. 

Although  pathogenicity  Is  generally 
determined  by  more  than  one  factor,  the 
addition  a  single  specific  character  to 
a  nonvirulent  m-ganism  can  endow  that 
organism  with  virulence,  and  the  poten¬ 
tial  dangers  of  this  charact^  being  me¬ 
diated  by  a  transmissible  element  are 
apparent.  Because  R-plasmids  and  viru¬ 
lence  plasmids  can  reside  in  the  same 
bacterial  cell,  the  possibility  is  incrceas- 
ing  that  plasmids  that  contribute  to 
pathogenicity  may  become  more  widely 
disseminated  among  bacterial  species 
due  to  the  selection  of  the  large  reservoir 
of  R-plasmids  within  enteric  organisms. 

For  these  reasons,  FDA  established 
Human  and  Animal  Health  Safety  Cri¬ 
terion  3:  ‘"nie  use  of  low  and/or  inter¬ 
mediate  levels  of  an  antibacterial  drug 
shall  not  enhance  the  pathogenicity  of 
bacteria.” 

FDA’s  guidelines  required  a  series  of 
well  designed  studies  to  determine  if  the 
use  of  antibacterial  drugs  in  animal 
feeds  enhances  pathogenicity  of  Gram- 
negative  bacilli.  First,  the  sponsors  were 
to  determine  if  plasmids  coding  for  toxin 
production  could  become  linked  to  an  R- 
plasmid  and  be  transferred  in  vitro.  If 
this  was  demonstrated  in  germ-free  ani¬ 
mals,  experiments  were  to  be  conducted 
in  conventional  animals. 

Due  to  the  progressional  natiue  of  the 
studies,  the  Director  did  not  require  the 
sponsors  to  complete  the  studies  during 
the  time  alloted  by  §  558.15.  The  spon¬ 
sors  were  committed  to  conduct  such 
studies  and  to  submit  reports  on  the  stud¬ 
ies  at  regular  intervals.  The  AHI  did 
submit  a  study  conducted  by  Dr.  John 
Walton  to  examine  the  association  of 
plasmid-mediated  toxin  production  with 
R-plasmids,  and  data  were  also  obtained 
from  FDA  contracts  with  Dr.  Stanley 
Falkow  and  Dr.  Carlton  Gyles. 

2.  Walton  Study.  Ihe  Walton  study 
(Ref.  21)  reported  in  vitro  transfer  ex¬ 
periments  using  a  donor  organism  bear¬ 
ing  both  the  enterotoxin  plasmid  and 
R+  factors  antibiotic  resistance  plas¬ 
mids  and  a  recipient  organism  that  lacks 
an  R-plasmid.  Walton  concluded  that 
subsequent  selection  of  R+  transcon- 
jugants  does  not  select  for  enterotoxin 
production. 

The  Director  finds  that  the  study  con¬ 
tained  major  shortcomings  in  the  proce¬ 
dures  used,  and  he  rejects  Walton’s  con¬ 
clusions  as  Inadequately  supported.  ’Ihe 
enterotoxin-producing  strairus  (contain¬ 
ing  plasmids  termed  ENT)  used  in  the 
experiment  were  inadequately  examined 
for  the  frequency  of  transfer  of  their 
ENT  plasmids  and  the  number  of  R+ 
transconjugants  tested  for  ENT  trans¬ 
fer  (20)  was  insufficient  since  only  a 
frequency  of  5  percent  or  greater  could 
be  detected.  From  each  mating,  20  trans- 
conjugant  colonies  were  pooled  and  sub- 
ciiltured  into  100  milliliters  of  nutrient 
broth;  then  they  were  grown  overnight 
to  obtain  cells  and  supernatant  fluid  to 
test  for  toxin  productimi.  However,  no 
positive  control  was  included  in  the  ex¬ 
periment  to  show  that,  in  screening,  1 
known  ENT  +  colony,  out  of  20  cdcmles. 
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would  prodiice  a  poslUre  reaction  for 
toxin  production.  For  these  reasons,  the 
Director  concludes  that  the  study  neither 
conclusively  resolves  the  issue  nor  even 
provides  adequate  evidence  to  support 
the  conclusion  that  selection  for  R+ 
transconjugants  does  not  select  for  en¬ 
terotoxin  production. 

3.  Falkow  Study — (a)  In  vitro  trans¬ 
fer.  On  the  other  hand,  Falkow  (PDA 
Contract  73-7210)  unequivocally  demon¬ 
strated  that  ENT  and  R-plasmids  do  co¬ 
transfer  and  that  drug  selection  for  the 
R-plasmid  and  subsequent  clonal  screen¬ 
ing  for  ENT  was  an  adequate  laboratory 
tool  for  detection  of  cotransfer. 

In  an  in  vitro  mating,  E.  coli  K12 
(containing  a  bovine  ENT  plasmid,  a 
K-antigen-determining  plasmid  (K99). 
and  an  R-plasmid  coding  for  tetracy¬ 
cline  and  streptomycin)  was  crossed  to 
three  drug-sensitive  E.  coli  K12  recipi¬ 
ent  strains.  The  recipient  strains  were 
rifampicin  resistant,  and  the  donor  was 
rifampicin  sensitive.  The  rifamplcin-re- 
sistant  recipient  that  received  the  tetra- 
cycUne-streptomycin  plasmid  were  re¬ 
covered  on  rifampicin-tetracycline  drug 
plates;  these  rMombinant  clones  were 
then  scored  for"  coinheritance  of  ENT 
and  K99.  Of  225  clones  tested  (75  from 
each  of  the  3  crosses) ,  2  clones  (0.88  per¬ 
cent)  received  both  ENT  and  K99+. 
Thtis,  cotransfer  of  K99  and  ENT  plas¬ 
mid  for  pathogenicity  with  the  tetracy¬ 
cline-streptomycin  drug  resistance  plas¬ 
mid  was  of  a  low  but  detectable  inci¬ 
dence. 

In  another  in  vitro  mating  study,  a 
bovine  enterotoxigenic  nonlactose-fer¬ 
menting  E.  coli  isolate  (B44)  (contain¬ 
ing  the  following  plasmids;  ENT,  K99, 
and  an  R-plasmld  (Ri)  containing  genes 
coding  for  ampicillin,  chloramphenicol, 
kanamycin,  and  streptomycin  resist¬ 
ance)  was  crossed  with  a  lactose  fer¬ 
menting  strain  of  E.  coli.  K92  strain 
1485.  Lactose-fermenting  and  chloram¬ 
phenicol-resistant  transconjugants  were 
scored  for  K99  and  ENT. 

The  incidence  of  K99  plasmid  transfer 
was  3/37  (8  percent)  and  the  incidence 
of  the  ENT  plasmid  transfer  was  9/37 
(24.3  percent).  Furthermore,  the  Inci¬ 
dence  of  K99,  ENT,  and  Ri  cotransfer 
was  3/37  (8  percent) . 

(b)  In  vivo  transfer.  Falkow  fed  B44 
E.  coli  bearing  resistance  (Ri) ,  ENT,  and 
K99  plasmids  to  baby  calves,  and  in  vivo 
transfer  of  the  (Ri)  plasmid  to  indige¬ 
nous  microflora  was  monitored.  In  one 
experiment,  ENT  plasmid  was  cotrans¬ 
ferred  at  an  incidence  of  3/39  (7.7  per¬ 
cent)  ;  however,  K99  was  not  transferred. 
In  another  in  vivo  transfer  experiment, 
the  ENT  was  cotransferred  at  an  inci¬ 
dence  of  1/88  (1.1  percent)  and  cotrans¬ 
fer  of  K99  did  not  occur.  But  detection 
of  K99  cotransfer  was  hampered  by  the 
autoagglutination  of  50  percent  of  the 
transconjugants  when  slide  agglutina¬ 
tions  with  K99  antisera  were  performed. 

From  these  experiments,  Falkow  con¬ 
cluded  that  possession  of  an  R-plasmld 
by  an  enteropathogenic  strain  does  not 
guarantee  cotransfer  of  ENT  or  K99; 
nevertheless,  the  implications  of  cotrans¬ 
fer  at  even  a  low  incidence  in  toe  intesti- 
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nal  tract  of  an  animal,  should  the  ani¬ 
mal  be-  exposed  to  the  same  antibiotics 
to  which  the  enteropathogen  is  resistant, 
has  potent  public  health  consequences. 

4.  Questions  raised  by  other  studies. 
(a)  Naturally  occurring  toxigenic  strains 
of  E.  coli  are  often  multiply  resistant, 
and  during  a  recent  hospital  outbreak 
of  Infantile  diarrhea  in  Texas,  Wachs- 
muth  et  al.  (Ref.  23)  reported  that  plas¬ 
mid-mediated  toxin  production  and 
multiple  antibiotic  resistance  was  dem¬ 
onstrated.  Transfer  of  a  67  x  lo*  and 
30  X  10*  dalton  plasmid  was  associated 
with  the  transfer  of  resistances  and  en- 
terotoxin  production,  respectively.  More¬ 
over,  when  antibiotics  were  used  to 
select  E.  coli  K12  recipients  from  a  one- 
step  bacterial  cross,  all  the  resistances 
were  concurrently  transferred,  and  36 
percent  of  these  drug-resistant  recipient 
organisms  also  transferred  their  ENT 
plasmids  and  produced  enterotoxin. 
Clearly,  the  Director  must  conclude  that 
R-plasmld  transfer  can  enhance  the  pos¬ 
sibility  of  ENT  transfer  and  the  pro¬ 
duction  of  enterotoxin. 

(b)  Translocation  is  believed  to  be  the 
primary  mechanism  for  the  dissemina¬ 
tion  of  resistance  genes  in  vivo.  Under 
PDA  Contract  223-73-7210,  Palkow  has 
been  able  to  show  the  translocation  of 
antibiotic  resistance  genes  to  ENT  plas¬ 
mids  in  vitro.  He  also  demonstrated  that 
ENT  plasmids  can  acquire  resistance 
genes  from  R-plasmlds  if  they  inhabit 
the  same  cell.  Amplcillin,  svilfonamide, 
and  streptomycin  plasmids  constructed 
in  vitro  by  translocation  are  indistin¬ 
guishable  from  such  ampicillin  plasmids 
obtained  frmn  clinical  isolates  of  E.  coli 
and  Salmonella  (Ref.  24). 

More  recently.  Gyles  (FDA  Contract 
223-73-7219)  demonstrated  the  in  vivo 
transfer  of  ENT  plasmids  in  the  intesti¬ 
nal  tract  of  pigs,  using  the  selection  of 
tetracycline-resistant  recipient  orga¬ 
nisms  as  a  basis  for  screening  ENT+ 
recipient  colonies.  All  of  the  35  tetracy¬ 
cline-resistant  recipient  colonies  ob¬ 
tained  were  shoam  to  bear  the  ENT  plas¬ 
mid.  Gyles  also  showed  that  tetracycline 
resistance  and  «iterotoxin  biosynthesis 
reside  on  the  same  plasmid. 

5.  Director’s  ConclusiOTis.  The  evidence 
from  both  in  vitro  and  in  vivo  experi¬ 
ments  demonstrates  that  ENT  plasmids 
and  R-plasmids  can  become  linked.  Only 
Dr.  Walton’s  study  describes  data  to  the 
contrary;  however,  his  study  is  inade¬ 
quate  for  the  reasons  discussed.  Accord¬ 
ingly,  the  Director  concludes  that  the 
existing  evidence  demonstrates  that  R- 
plasmids  can  increase  the  pathogenicity 
of  organims,  and  inadequate  evidence 
has  been  submitted  to  prove  the 
contrary. 
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E.  Tissue  Residues  {Criterion  4) 

1.  Background.  FDA  has  established 
zero  tolerances  in  tissues  of  chickens, 
swine,  pheasants,  and  quail,  in  milk  and 
eggs  for  penicillin,  its  salts  and  residues. 
Negligible  tolerances  of  0.05  part  per  mil¬ 
lion  exist  for  the  uncof^ed  edible  tissues 
of  cattle  and  turkeys.  In  all  cases  the 
tolerances  are  a  function  of  the  lowest 
limit  that  the  penicillin  assay  methods 
can  reliably  measure;  therefore,  the 
agency  in  effect  iiermits  no  residue  of 
penicillin  in  human  food.  FDA  estab¬ 
lished  these  “zero”  tolerances  because 
there  is  no  scientific  evidence  to  support 
a  no-effect  level  for  penicillin  or  its 
metabolites  on  the  human  or  animal  in¬ 
testinal  flora  or  on  the  induction  of  hy¬ 
persensitivity.  Violative,  over  tolerance, 
penicillin  residues  are  regularly  reported 
by  the  U.S.  Department  of  Agriculture, 
Animal  and  Plant  Health  Inspection 
Service  residue  monitoring  programs. 
The  FDA  followup  investigations  on  the 
reported  violations  demonstrate  that  two 
routes  of  administration  are  primarily 
responsible  for  the  violations,  injection 
and  feed  use;  and  most  of  the  violations 
are  caused  by  the  product  misuse,  in¬ 
cluding  failure  to  follow  the  labeled 
withdrawal  period. 

2.  Criterion.  PDA’s  guidelines  requested 
the  following  for  antibiotics; 

Controlled  studies  •  •  •  to  determine 
whether  or  not  an  antibacterial  drug  used 
as  subtherapeutlc  levels  In  the  feed  of  ani¬ 
mals  results  In  residues  of  the  pewent  com¬ 
pound,  metabolites,  or  degradation  products 
in  the  food  Ingested  by  man  which  are 
capable  of  causing  (1)  an  Increase  in  the 
prevalence  of  pathogenic  bacteria:  (2)  an 
Incmue  In  the  resistance  of  pathogenic  bac¬ 
teria  to  antlbcu:terial  drugs  used  in  human 
clinical  medicine. 

Controlled  studies  In  appropriate  test  ani¬ 
mals  (^all  be  conducted  to  determine 
whether  the  consumption  of  food  produced 
by  animals  receiving  antibacterial  Irugs  will 
result  In: 

(a)  An  increase  in  the  intestinal  flora  of 
the  prevalence  of  pathogenic  bacteria; 

(b)  An  Increase  In  the  degree  and  spec¬ 
trum  of  resistance  of  the  Intestinal  flora  to 
drugs  used  In  human  clinical  medicine. 
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Experimental  prooedizrec  aball  inidude  ap- 
pcoprlate  oooaklera.tkHi  at  maximum  um 
level.  miniTnum  wltlulxaiml  time  and  estab¬ 
lished  tolerances. 

In  addition,  a  literature  survey  sball  be 
conducted  to  detwmlne  the  Incidence  o< 
reports  at  hypeicsensltlvlty  resulting  fnxn 
antibacterial  drugs  In  food.  The  literature 
survey  shall  include  Information  regarding 
byperseoositlvlty  reactions  oocurring  as  a  re¬ 
sult  of  parenteral  or  topical  exposure  to  anti¬ 
bacterial  drugs  as  well  as  thoae  Ingested  In 
food.  When  hypersensitivity  has  been  shown, 
experiments  In  appropriate  laboratory  ani¬ 
mals  must  be  conducted  to  develop  esti¬ 
mates  of  what  level  of  anttbactMial  dnigs  in 
food  will  cause  the  production  of  hyper¬ 
sensitivity. 

3.  Data  submitted.  Because  there  Is  a 
"zero”  tolerance  for  p^cUlin  and  no 
residues  are  expected  when  p^cillin- 
contalnlng  products  are  used  in  accord¬ 
ance  with  their  labeled  withdrawal 
periods,  the  sponsors  of  penicillin  were 
exempted  by  the  Director  from  sub¬ 
mitting  the  test  data.  Thus,  no  data  have 
been  ixovided  by  the  sponsors  to  ;^ow 
whether  the  consumption  of  food  pro¬ 
duced  by  animafa  receiving  subthera^ 
peutic  levels  of  penicillin  will  result  in  an 
increase  of  pathogenic  bacteria  in  the  in¬ 
testinal  flora  of  animals  or  an  increase  in 
the  degree  and  spectrum  of  resistance  of 
the  intestinal  fl<xa  to  drugs  used  in  hu¬ 
man  clinical  medicine. 

The  Arms  were  required  and  did.  in 
fact,  provide  literature  data  on  hyper¬ 
sensitivity  reactions  to  penicillin.  These 
documented  the  well  known  alerglc  and 
anaf^lactic  reactions  occurring  from 
the  prniicllllns  and  their  degradation 
products.  Human  reactions  to  milk  resi¬ 
dues  after  treatment  of  infections  of 
mammary  glands  with  p^cUUn  was  a 
frequent  cause  of  allergic  response;  con- 
sequenftly,  withdrawal  periods  frcxn  drug 
usage  have  been  developed  befcxe  edible 
products  are  marketed.  One  instance 
(Ref.  1)  was  cited  of  a  severe  hsrpersensl- 
tlvity  reaction  to  ingested  pork  contain¬ 
ing  penicillin  residues. 

4.  Directors  Analysis  and  Conclusions. 
A  study  carried  out  by  Katz  et  aL  (Ref. 
2)  examined  the  effect  of  feeding  peni¬ 
cillin  on  the  develoixnent  of  residues  in 
edible  tissues  and  the  nature  of  the  resi¬ 
dues.  Althou^  no  tissues  ctmtalned  de- 
tectaUe  penicillin  or  its  degradation 
products,  penicillin  and  its  degradation 
products  were  detected  in  the  crop,  pro- 
ventiiculus,  gizzard,  and  duodenum,  but 
not  in  the  small  intestine  from  where  it 
might  be  absorbed  into  other  body  tis¬ 
sues.  At  the  same  time  chicken  feces 
contained  high  levels  of  antibiotic  re¬ 
sistant  Gram-negative  lactose-ferment¬ 
ing  organisms  (presumably  E.  coli), 
although  no  penicillin  was  present  In  the 
feces. 

The  study,  however,  raises  a  question 
about  the  safety  of  poilclllin.  Although 
no  tissue  residues  were  detected,  the 
feces  of  broilers  fed  growth  promotant 
levels  of  penicillin  In  their  diet  exhibited 
a  fairly  high  percentage  of  antibiotic- 
resistant,  lactose-fermenting  organisms. 
The  resistance  was  found  in  spite  of  the 
fact  that  no  antibiotic  activity  could  be 
found  ta  the  duodenum  of  the  binb 


Acc<»dlngly.  Katz  undertook  to  investi¬ 
gate  the  ability  of  penlcillolc  acid,  one  of 
the  major  degradation  products,  to 
stimulate  the  devdopcnent  of  resistant 
organisms  in  the  intestinal  tract.  Groups 
of  birds  on  three  rations  were  studied,  a 
basal  ration,  a  ration  of  50  grams  peni¬ 
cillin  per  ton  of  feed,  and  a  ration  of  50 
grrams  of  pienicilloic  acid  of  feed.  Two 
resistance  markers,  tetracycline  and 
streptomycin,  were  separately  Incorpo- 
rab^  in  the  agar  to  act  as  Indicators  of 
resistance. 

The  percentage  of  lactose-fermenting 
organisms  in  the  feces  of  birds  on  the 
basal  ration  remained  relatively  low  for 
the  period  of  the  experiment,  but  the 
birds  on  the  penicillin  and  p>enlcllloic 
acid  diets  showed  a  marke<^  higher 
level  of  such  organisms  In  their  feces. 
Although  the  results  exhibit  some  varia¬ 
tion  due  to  several  experimental  factors, 
the  resistance  pattern  of  the  lactose- 
fermenting  organisms  isolated  showed  a 
continuous  rise  in  the  percent  resistance 
as  reflected  in  the  streptomycin  marker. 
The  resistance  pattern  reflected  by  the 
tetracycline  marker  was  more  variable, 
but  definitely  present.  However,  the 
levels  of  drug  resistant  lactose-ferment¬ 
ing  organisms  found  in  the  feces  of  birds 
from  both  the  penicillin  and  penicilloic 
acid  supplemented  feeds  are  at  least  four 
times  greater  than  the  levels  found  fnxn 
birds  fed  the  basal  ration.  Although  not 
statistically  proven,  the  marked  increase 
in  resistance  reflected  by  the  marker 
strongly  supports  the  premise  that  peni¬ 
cilloic  acid  can  stimulate  the  develop- 
m^t  of  resistance. 

Accordingly,  the  Director  must  con¬ 
clude  that  feeding  subtherapeutlc  levels 
of  penicillin  to  chickens  may  cause  an 
increase  In  resistant  lactose-fermenting 
organisms.  Since  the  prlnclpial  lactose- 
fermenting  organisms  are  E.  coll,  and 
antibiotic  resistant  E.  coU  have  been 
demonstrated  to  transfer  R-factors  to 
pathogens,  the  Director  must  conclude 
that  the  subtherapeutlc  use  of  penicillin 
may  contribute  to  an  Increase  in  the 
prevalence  of  pathogenic  bacteria  in  the 
Intestinal  .flora  of  chickens  vhlch  Is  con¬ 
trary  to  the  criterion  established.  No 
data  have  been  submitted  to  r^ut  this, 
and  for  this  reason  also  the  Director 
must  conclude  that  penicillin  has  not 
been  shown  to  be  safe. 
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V.  EFFECTIVENESS 

In  the  Federal  Register  of  July  17  and 
21, 1970  (35  FR  11533,  11647, 11650)  FDA 
annoimced  the  conclusions  of  the  Na¬ 
tional  Academy  of  Sclences/National 
Research  Council  Drug  Efficacy  Study 
Group  concerning  the  penicillin-contain¬ 
ing  premixes  intended  for  subth^apeutic 
and  therapeutic  use  In  animal  feeds.  The 


NAS/NRC  evaluated  these  preparations 
as  probably  effectlvo  for  growth  promo¬ 
tion  a^  feed  efficiency  and  concluded 
that  for  the  remaining  claims  the  prod¬ 
ucts  lack  substantial  evidence  of  effec¬ 
tiveness  that  each  Ingredient  designated 
as  active  makes  a  contribution  to  the 
total  effectiveness  claimed  for  the  drug. 

The  agrency  concurred  with  these  eval¬ 
uations,  and  It  provided  the  manufac¬ 
turers  of  these  products  6  months  to  sub¬ 
mit  adequate  documentation  of  the 
effectiveness. 

Section  512  of  the  act  (21  U.S.C.  360b) 
requires  that  a  new  animal  drug  have  the 
effect  it  purports  or  is  represented  to 
have  under  the  ccmditions  of  use  pre¬ 
scribed,  recommended,  or  suggested  in 
its  labeling.  For  flxed  combination  drugs, 
§  514.1(b)  (8)  (V)  (21  CFR  514.1(b)(8) 
(V) )  requires  that  each  ingredient  desig¬ 
nated  as  active  in  any  new  animal  drug 
combination  must  make  a  contribution  to 
the  effect  In  the  manner  claimed  or  sug¬ 
gested  in  the  labeling.  Furthermore,  if 
in  the  absence  of  express  labeling  claims 
of  advantages  for  the  combination  such 
a  product  purports  to  be  better  than 
either  component  alone,  the  sponsor 
must  establish  that  the  new  animal  drug 
has  that  purported  effectiveness.  The  re¬ 
quirement  of  effectiveness  includes  the 
requirement  that  the  most  effective  level 
for  each  compound  be  used.  In  the  case 
of  drug  combinations  for  concurrent 
therapy,  the  requirement  of  effectiveness 
includes  the  requirement  that  the  dosage 
of  each  component  is  such  that  the  com¬ 
bination  is  safe  and  effective  for  a  popu¬ 
lation  of  signtflcant  size  speciflcally  de¬ 
scribed  in  the  labeling  as  requiring  such 
concurrent  therapy.  Th«-efore,  to  dem¬ 
onstrate  that  the  penicillin-containing 
premixes  are  effective  for  therapeutic 
use,  the  sponsors  must  submit,  in  accord¬ 
ance  with  section  512(d)  (3)  of  the  act, 
substantial  evidence  consisting  of  ade¬ 
quate  and  well  controlled  investigations, 
as  deflned  by  S  514.111(a)  (5)  21  CFR 
514.111(a)(5)),  including  fleld  Investi¬ 
gations,  satisfying  these  requirements. 

No  interested  person  has  ever  sub¬ 
mitted  substantial  evidence  that  the 
penicillin-containing  premixes  are  effec¬ 
tive  for  the  claimed  therapeutic  uses.  For 
this  reason  the  Director  ccmcludes  that 
there  is  a  lack  of  substantial  evidence 
that  the  products  are  effective  for  thera¬ 
peutic  use  in  animal  feed.  Mcxeover,  this 
actio]^  will  assure  that  these  levels  are 
not  used  Illegally  to  replace  the  sub- 
therapeutic  uses  that  are  also  being  with¬ 
drawn. 

VI.  CONCLUSION 

Pursuant  to  §  558.15,  the  holders  of  ap¬ 
proved  NADA’s  for  penlcillin-ccmtaining 
drug  products  intended  for  subthera- 
peutic  use  in  animal  feeds  have  the  bur- 
d^  of  establishing  that  this  use  is  safe 
in  accordance  with  the  criteria  and 
guidelines  established  by  that  regulation 
In  addition  to  the  basic  requirem^ts  im¬ 
posed  by  the  general  safety  provisions  of 
the  Federal  Food,  Drug,  and  Cosmetic 
Act.  The  Director  in  this  notice  has  set 
forth  in  detail  the  basis  for  the  criteria 
and  guidelines  implementing  the  regu- 
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latl(xi  and  this  actloo.  Ihe  holdm  of  the  which  evidence  was  submitted  In  accord  data  and  should  be  submitted  in  accord-  I 
approved  NADA’s  have  failed  to  satfcifjr  with  i  558.15  purporting  to  resolve  the  ance  with  the  requirements  of  §  314.200  | 

the  legal  requiremoits  Imposed  by  Uie  safety  issues,  and  he  is  unaware  of  any  (c)  (2)  and  (d)  (21  C7FR  314.200  (c)  (2)  ^ 

regtilatlmis,  and  they  have  failed  to  re-  sponsor  that  filed  a  eommitm«it  to  con-  and  (d) ) . 

solve  the  basic  safety  questions  that  duct  the  requisite  studies  but  that  sub-  The  Director  will  soon  issue  a  separate  ^ 
imderlie  the  subtherapeutic  use  of  penl-  mitted  no  evidence.  Nevertheless,  the  notice  in  the  Federal  Register  proposing 
cillin  in  animal  feed.  Director  concludes  that  the  approval  of  to  withdraw  approval  of  all  tetracycline- 

(a)  The  pool  of  R-plasmid-bearing  or-  any  NADA  for  which  a  commitment  to  containing  new  animal  drug  products  ^ 

ganisms  is  widespread  in  the  environ-  conduct  aiH>ropriate  studies  was  filed  but  Intended  for  certain  subtherapeutic  uses  a 
ment  of  man  and  animals,  and  antibiotic  whose  holder  filed  no  evidence  should  be  in  animal  feeds  on  the  grounds  that  they  9 
resistance  is  increasing  in  pathogenic  withdrawn  on  the  grounds  that  the  have  not  been  shown  to  be  safe  under  » 
and  nonpath(^enic  £.  co(V  and  Salmonel-  holder  of  the  NADA  has  failed  to  estab-  section  512(e)(1)(B)  of  the  act  and  9 
la.  The  resistance  patterns  observed  in  lish  and  maintain  records  and  make  re-  S  558.15.  Data  addressing  the  safety  and  9 
these  E.  coU  and  Salmonella  Isolated  ports  as  required  by  appropriate  regu-  effectiveness  issues  for  the  tetracycline  I 
from  animals  are  similar,  and  these  pat-  lation.  component  of  those  products  should  be  9 

terns  are  similar  to  the  resistance  pat-  Additionally,  under  section  512  of  the  submitted  at  that  time.  9 

terns  observed  in  the  strains  Isolated  act,  the  holders  of  the  approved  NADA’s  The  failure  of  a  holder  of  an  approval  9 
from  man.  The  R-plasmids  found  in  or-  have  the  burden  of  demonstratii^  that  to  file  timely  written  appearance  and  re-  I 
ga.ni.sms  isolated  in  man  and  animal  are  the  products  are  effective  for  their  indi-  quest  for  hearing  as  required  by  9 
indistinguishable,  and  common  serotsqjes  cations  of  use.  Based  <m  the  evidence  S  514.200  constitutes  an  election  not  to  H 
of  these  organisms  infect  both  man  and  now  before  him,  the  Director  is  unaware  avail  himself  of  the  opportunity  for  a  n 
animals.  of  any  adequate  and  well  controlled  In-  hearing,  and  the  Director  of  the  Bureau  9 

The  studies  submitted  by  the  holdws  vestigations  demonstrating  that  the  of  Veterinary  Medicine  will  summarily  9 
of  approved  NADA’s  through  the  Animal  penicillin-containing  premixes  are  effec-  enter  a  final  order  withdrawing  the  S 
Health  Institute  confirm  the  prevalence  tive  for  the  therapeutic  uses.  approvals. 

of  R-plasmld-bearlng  organisms  and  the  On  the  basis  of  the  foregoing  analysis,  A  request  for  a  hearing  may  not  rest  i 
ability  of  these  organisms  to  transfer  R-  the  Director  is  unaware  of  evidence  that  upon  mere  allegations  of  denials,  ^t  it  % 
plasmids  to  other  strains,  even  in  the  satisfies  the  requirements  for  the  safety  must  set  forth  specific  facts  showing  that  g 
absence  of  antibiotic  pressure.  The  AHI  of  penicillin-containing  premixes  as  re-  there  is  a  genuine  and  substantial  Issue  ^ 
studies  were  also  inadequate  to  measure  quired  by  section  512  of  the  Federal  of  fact  that  requires  a  hearing.  If  it  con- 
the  duration  and  prevalance  of  the  Sal-  Food,  Drug,  and  Cosmetic  Act  and  §  558.-  clusively  appears  from  the  face  of  the 
monella  infections  because  demonstrably  15  of  the  agency’s  regulations.  Accord-  data,  Information,  and  factual  analyses  9 
Inadequate  measuring  techniques  were  ingly,  he  concludes,  on  the  basis  of  new  in  the  request  for  hearing  that  there  is  9 
used  to  gather  the  information.  information  before  him  with  respect  to  no  genuine  and  substantial  issue  of  fact  ■ 

(b)  The  potential  for  harm  arising  these  drug  products,  evaluated  together  that  precludes  the  withdrawal  of  ap-  9 
from  a  compromise  of  therapy  is  well  with  the  evidence  available  to  him  when  proval  of  the  application,  or  when  a  re-  9 
documented.  None  of  the  studies  sub-  they  were  originally  approved,  that  the  quest  for  hearing  is  not  made  in  the  re-  9 
mitted  on  compromise  of  therapy  address  drug  products  are  not  shown  to  be  safe  quired  format  or  with  the  required  anal-  9 
the  fundamental  issue — the  ability  of  R-  under  the  conditions  of  use  prescribed,  yses,  the  Commissioner  will  enter  sum- 
plasmid-bearing  organisms  to  interact  recommended,  or  suggested  in  their  mary  judgment  against  the  person  who 
and  donate  these  plasmids  to  other  or-  labeling.  The  evidence,  in  fact,  indicates  requests  a  hearing,  making  findings  and  : 
ganisms  in  the  intestinal  tracts  of  ani-  that  such  penicillin  use  may  be  unsafe,  conclusions,  denying  a  hearing. 

mals  and  to  acquire  resistance  to  a  drug  particularly  if  the  higher  or  therapeutic  Pour  copies  of  all  submissions  pursu- 
related  to  the  subtherapeutic  drug  given,  levels  of  penicillin  should  be  used  as  sub-  ant  to  this  notice  must  be  filed  with  the 
Furthermore,  no  evidence  was  submitted  stitutes  for  the  levels  currently  used  sub-  Hearing  Clerk.  Except  for  data  and  in¬ 
to  show  that  the  effectiveness  of  sub-  therapeutically.  '  formation  prohibited  from  public  dis- 

therapeutic  penicillin  use  over  time  is  not  Therefore,  the  Director  announces  he  closure  pursuant  to  21  U.S.C.  331  (j)  or 
being  altered  by  the  development  of  R-  is  proposing  to  withdraw  all  approvals  18  U.S.C.  1905,  responses  to  this  notice 
plasmid-bearing  organisms.  for  penicillin-containing  premix  prod-  and  copies  of  published  literature  cited 

(c)  The  evidence  demonstrates  that  ucts  intended  for  use  in  animal  feed*  in  this  notice  not  appearing  in  journals 

R-plasmids  controlling  pathogenicity,  whether  granted  under  section  512  of  the  designated  by  21  CTR  310.9  and  510.95 
drug  resistance,  and  intestinal  motility  act  or  section  108(b)  of  the  Animal  Drug  may  be  seen  in  the  office  of  the  Hearing 
can  and  do  cotransfer  in  vitro  and  in  Amendments  of  1968  (Pub.  L.  90-399)  Clerk,  Food  and  Drug  Administration, 
vivo.  on  the  groimds  that  they  have  not  been  between  9  a.m.  and  4  p.m.,  Monday 

(d)  Subtherapeutic  doses  of  penicillin  shown  to  be  safe,  and  lack  substantial  through  Friday. 

and  penicillanic  acid  in  chickens  causes  evidence  of  effectiveness  for  therapeutic  If  a  hearing  is  requested  and  is  justi- 
an  increase  in  drug-resistant  lactose-  use.  Notice  is  hereby  given  to  holders  of  fled  by  the  applicant’s  response  to  this 
fermenting  organisms,  e.g.,  E.  coli,  in  the  approvals  listed  above  and  to  all  notice  of  opportimlty  for  hearing,  the  : 
their  feces.  This  phenwnenon  demon-  other  interested  parties.  If  a  holder  of  an  issues  will  be  defined,  an  administrative 
strates  a  potential  for  harm,  and  ade-  approval  or  any  other  interested  person  law  judge  will  be  assigned,  and  a  written 
quate  refuting  evidence  has  not  be  sub-  elects  to  avail  himself  of  an  opportimity  notice  of  the  time  and  place  at  which  the 
mitted.  In  addition,  inadequate  evidence  for  hearing  pursuant  to  sections  512(e)  hearing  will  commence  will  be  issued  as 
has  been  submitted  to  negate  questions  <1)(B),  512(e)(1)(C),  and  512(e)(2)  soon  as  practicable, 
on  the  potential  for  harm  associated  with  (A)  and  §  514.200  (21  CFR  514.200).  the  The  Director  has  carefully  considered 
penicillin  hyperseisitivlty  and  subthera-  party  must  file  with  the  Hearing  Clerk  the  environmental  effects  of  this  action, 
peutic  penicillin  use.  (HFC-20),  Food  and  Drug  Administra-  and  because  it  will  not  significantly 

(e)  Under  §  558.15,  the  holders  of  ap-  tion,  Rm.  4-65,  5600  Fishers  Lane,  Rock-  affect  the  quality  of  the  human  environ- 

proved  NADA’s  were  required  both  to  file  ville,  MD  20857,  a  written  appearance  re-  ment,  he  has  concluded  that  an  envlron- 
commitments  to  conduct  studies  that  questing  such  a  hearing  by  September  mental  impact  statement  is  not  required 
would  conclusively  resolve  the  safety  of  29,  1977,  giving  reasons  why  approval  of  for  this  notice.  A  copy  of  the  environ- 
the  subtherapeutic  use  of  antibiotics  in  the  application  should  not  be  withdrawn  mental  impact  assessment  is  on  file  with 
animal  feeds  and  actually  to  conduct  and  providing  a  well-organized  and  full-  the  Hearing  CTerk.  Moreover,  in  a  notice 
those  studies.  To  ensure  compliance ‘with  factual  analysis  of  the  scientific  and  published  in  the  Federal  Register  of 
the  letter  requirement,  the  regulation  investigational  data  that  such  per-  May  27,  1977  (42  FR  2739)  the  Commis- 

required  holders  of  the  approved  NADA  ^  prepared  to  prove  in  support  of  its  sloner  of  Food  and  Drugs  requested  data 
to  file  periodic  progress  reports  on  the  opposition  to  the  Director’s  proposal  concerning  the  potential  environmental 
studies.  The  Director  is  proposing  to  within  60  days.  Such  analysis  shall  in-  Impact  of  a  series  of  regulatory  actions, 
withdraw  approval  of  all  NADA’s  for  elude  all  protocols  and  underlying  raw  Including  this  one,  designed  to  restrict 
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the  subtherapeutic  use  of  antibacterials 
in  animal  feeds.  If  the  public  discussion 
and  Information  gaUiered  warrant  • 
comprehensive  environmental  Imp^t 
statement  will  be  prepared,  evaluating 
the  impact  of  all  the  actions  as  a  single 
program. 

Note. — The  Director  has  also  carefully  con¬ 
sidered  the  inflation  impact  of  the  notice, 
and  no  major  inflation  impact,  as  deflned  in 
Executive  Order  11821,  OMB  Circular  A-107. 
and  Ouidellnes  issued  by  the  Department  of 
Health,  Education,  and  Welfare,  has  been 
found.  A  copy  of  the  FDA  inflation  Impact 
assessment  is  on  flle  with  the  Hearing  Clerk, 

Food  and  Drug  Administration. 

(Federal  Food,  Drug,  and  Cosmetic  Act  (sec. 

612,  82  Stat.  343-361  (21  U.S.C.  360b))  and 
under  authority  delegated  to  the  Commis¬ 
sioner  of  Food  ahd  Drugs  (21  CFR  6.1)  and 
redelegated  to  the  Director  of  the  Bureau  of 
Veterinary  Medicine  (21  CFR  6.84).) 

Dated;  August  24, 1977. 

C.  D.  Van  Houweling, 

Director,  Bureau 

of  Veterinary  Medicine.  / 

[FR  Doc.77-24971  FUed  8-29-77;8:45  am] 
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